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The 180-cycle Multiductor, a low-cost static frequency converter, permits the use of 
induction on heating and melting applications where costs were previously prohibitive. 


THE NAME WITH THE FAMILIAR RING! 


The Multiductor, one of several Power Sources... another major 
product line of AM for the heating or melting of metals by Induction. 


GENERAL OFFICES 
Ohie 
induction heating 


TRENTON DIVISION 


Gnethermic 


Trenton 5S, New Jersey 


YOUNGSTOWN DIVISION 
3990 Simon Road 
Youngstown 1, Ohio 
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May 1960. . . Volume 77, No. 5 


Striking examples of aluminum fabrication 
and coloring were provided for this month’s 
cover by the Aluminum Co. of America. An 
explanatory note on p. 91 lists the fabricators. 


Technical News in Brief 
Auto Makers Set Pace in Materials and Processing . . . Spacer Springs of H-11 Solve 
Heat Treating Problem . . . More Facts on Explosive Forming . . . Trends in Tool 
Materials and Metal Fabrication . . . New Steel for Porcelain Enamel . . . Growth in 
Oxygen Blown Steel . . . Fluoroscope Tests Welds in Steel Pipe . . . Water Detection 
Device Makes Oil Quench Safer . . . Materials Progress in Devices for Direct Conversion 
of Nuclear Energy . . . Columbium Alloys Will Become More Important 


Southwestern Metal Congress Program 
Technical sessions planned by A.S.M. and Society for Nondestructive Testing 


Metal Progress Special Report on Modern Tool Materials and Metal Fabrication 


Technical Forum: Modern Tool Materials 
Air Hardening Toolsteels Offer Lower Costs, Improved Performance, 
by J. Y. Riedel 
New Toolsteels for Abrasion Resistance and Exceptional Toughness, 
by Neil J. Culp and Joseph S. Pendleton, Jr 
Larger Tooling Will Focus Attention on Quality to Minimize Defects, 
by P. R. Borneman 
A New Air Hardening, Graphitic-Type Tool and Die Steel, by D. J. Girardi 
Fundamental Studies Provide New Tool Materials for Many Areas of Metalworking, 
by John C. Hamaker, Jr 104 
Air Hardening Grade and Vacuum Degassed H-13 Offer New Possibilities, 
by Charles T. Evans, Jr 
Aluminum Oxide Tools Permit High-Speed Machining, by R. J. Dorr 
New Hot Work Die Steel Has Improved Heat and Abrasion Resistance, 


Die Steel for Plastic Molds and Die Castings Has Higher Hardenability, 

by M. J. Dempsey 
Throw-Away Inserts With Carbide Elements Offer New Concept of Economy, 

by Dennis G. Jones 
Better Hot Work Toolsteels and Improved Forging Dies Benefit Fabricators, 

by Stewart G. Fletcher 
New Carbide for High Speed Cutting; Ingot Structure Emphasized in Toolsteels, 

by W. E. Montgomery and E. W. Kalb 
Working of Metastable Austenite Promises to Improve Toolsteels, by R. F. Harvey. . 
New Toolsteels for Improved Abrasion Resistance and Cutting of Superalloys, 

by Thomas W. Gabriel 
Plastic Tooling Proves Useful When Applied Within Its Limitations, Staff Report. . 

Molybdenum . . . a Material for Steel Extrusion Dies, by W. L. Steinbrenner 

Molybdenum makes a good die material for hot extrusion because of its high-temperature 
strength at extrusion temperatures. It is comparatively easy to machine and is resistant 
to galling during extrusion of steel. (W24n, F24; Mo, 17-57)* 


Precision Cold Extrusion of Metals, by R. A. Quadt 
The process, which offers rapid production of parts with close dimensional control, has 
been used successfully to fabricate steel, aluminum, titanium and some of the uncom- 
mon metals. (G5; Al, Zr, ST, Ti, Cb, Ta, V, Be) 


Forging up to Date, Staff Report 
Today, many different parts are forged to such close tolerances that little or no subse- 
quent machining is required. This article discusses some of the difficulties that forgers 
have met and solved in research and in regular production to produce close-tolerance 
parts. (F22, W24n; Al, Mg) 

Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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How service life 


of a furnace I-beam 
was increased 400% 


Electro-Alloys’ knowledge of thermal fatigue 


As a result of cyclical heating and 
cooling, heat-treating equipment, trays, 
rolls, tubes and other a aoe compo- 
nents, are particularly vulnerable to 
thermal fatigue. This failure mecha- 
nism is not easily spotted. Therefore, 
the natural course of user and supplier 
of heat-resistant castings is to try to 
strengthen the component through the 
addition of braces, gussets, tie as and 
other restricting members or through 
making heavier metal sections. 


Almost inevitably this procedure 
results in an even shorter service life. 
The reason: a greater number of 
design members and heavier metal 
sections accelerate thermal fatigue. 


An interesting study in thermal 
fatigue and how it was minimized is 
shown in the Figures at the right. 


I-beam was failing after 
4-6 months 


The beam, shown in Figure 1, sup- 
ported tube stock heated for welded 
tubing. After 4-6 months service, the 
beam would crack and fail at Area “A”. 


Preliminary calculations proved 
that the beam was more than ade uate 
in strength. Therefore, Electro-Alloys 
engineers concentrated their study on 
the thermal factors of the furnace 
operation. As shown in Figure 1, the 
burners were firing below the beam, 
and special precautions had been 
taken to insure that the burner flame 
did not impinge on the cast-alloy beam. 
But, as also shown, the flame travelin 
across the furnace strikes a aad 
pier and deflects into the casting at 
Area A. The high concentration of 
heat at “A” causes the flange to expand 
more rapidly than the a. This con- 
dition created the failure shown in 
Figure 2 and in the photographic 
close-up, Figure 3. 


To all intents, the failure had the 
implications of a weak beam... buck- 


lead to a simple solution 


ling, cracking and downward deforma- 
tion. The approach to solving this 
problem pf be to increase the metal 
sections or to add restricting members. 


Simple baffle extends 
beam life 400% 


Electro-Alloys solution of the problem 
was not the design of a new beam but 
the far simpler design of a loose baffle 
to fit the beam, see Figure 4. This 
baffle could take the thermal shock. 
It was small, flexible and could deform 
at will without detracting from the 


strength of the beam. 


This simple baffle has lengthened 
beam life 400%. 


Avoiding expensive thermal- 
fatigue pitfalls 


Users and designers of heat-resistant 
castings are bade, generally, to 
two pitfalls that lead to losses in service 
life and operating economy: 


a. Too much faith in the calculation 
of applied stresses as the measure 
of the casting’s ability to with- 
stand service conditions. This is 
reflected by increasing the size or 
number of restricting members 
. .. braces, gussets and tie rods. 


b. Assuming that an alloy operating 
well at 2000° F. will work just 
as well in a different application 
where maximum temperature is 


only 1700° F. 


These pitfalls are a natural out- 
growth of the lack of information on 
thermal fatigue, an important cause of 
heat-resistant casting 


Electro-Alloys is recognized as a 
leading authority on thermal fatigue 
and high-alloy casting design. Case 
histories, ne as the one reported 
here, and the widely published test 
data emanating from the Research 


ELECTRO-ALLOYS DIVISION 
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FIGURE 3 


[ 


FIGURE 4 


Laboratory at Mahwah, N. J., are 
evidence of this. 


@ Most recent of these reports is “The 
Mechanism of Thermal Fatigue,” by 
H. S. Avery. Copies of this study are 
available on request. Simply write to 
Electro-Alloys Division, 2015 Taylor 
Rd., Elyria, Ohio. 


Elyria, Ohio 
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Metal Progress 


Simultaneous Hot Forming and Age Hardening of Titanium Parts, 
by R. E. Johnson and R. J. McClintick.............-.cccecseeceecsecccesoes 

Parts made from titanium alloys of the alpha-beta type can be formed and age hardened 

at the same time by shaping at a high temperature and holding at that temperature for 

a short period. This technique eliminates the need for long aging cycles and expensive 

holding jigs. (J27d, Q23q; Ti-b) 


Data Sheet 


Design Characteristics in Drawing Metal 100-B 
Engineering Articles 
Stresses in High-Temperature Corrosive Environments, by William H. Funk............... 71 


When used in a pressure vessel at elevated temperatures, steel plate clad with stainless 
steel will have a complex stress condition. However, experience with vessels in service 
indicates that such stresses are not detrimental. Tests and service data indicate that clad 
%. steels are good materials for refinery construction. (Q25, Q3, T29n; ST, SS, 8-66) 


Cladding Steel With Titanium . . . a Progress Report, 


4 Because it resists attack by many corrosive liquids, titanium in sheet form is an attractive 
material for vessels used in chemical and processing industries. However, its high cost 
makes it uneconomical for this purpose. The solution? Clad a thin veneer of titanium 
to low-alloy steel plate! (L22; ST, Ti) 


Criteria for Selecting Metals Used in Chemical Plants, by George A. Nelson............... 80 
There are about 60 ways metals can fail while exposed to the rigorous environments in 
chemical equipment. The newer metals and improved alloys will broaden the horizons 
of the chemical processing industry. (T29m, Q-general, R-general, 2-62; SGA-g, SGA-h) 


Residual Stresses in Heat Exchanger Tubes, by George A. Nelson......................... 84 


Based on a report presented at the A.S.M. Golden Gate Metals Conference, San Fran- 
cisco, Feb. 6, 1960. 


Flight in the Thermosphere — III. Materials for Ablation, Sublimation and Transpiration 
Systems, by William S. Pellini and William J. Harris, Jr..................... 


These absorptive systems have a high effective heat capacity due to the utilization of 
the high values of the heats of melting, vaporization and dissociation. The sublimation 
potential of graphite, one of the best materials, may be limited by exothermic oxidation. 
(P12r, Pl1lk; SGA-h) 


How to Get the Most From Solvent-Vapor Degreasing — Part II, 
Solvent selection is just as important to effective vapor degreasing as is good equipment 
design. Such factors as boiling range, solubility of the soil and compatibility with the 
materials being cleaned are important. In this, the second of a two-part article, the 
authors also discuss specifications and costs. (L12j, $22, 17-53) 


Correspondence Bright Anodizing Aluminum.............. 210 
Granulation of Pig Iron, by Tom Bishop. . . . 136 212 

by Dangerous Watches on the Loose, The OLP EO ee 222 
by Herbert R. Isenburger............... 138 Cutting by Electron Beam................ 226 

More on “Clean” Steels, The Kaldo Process whe 230 
by Walther L. Havekotte................ 149 ‘Pig Iron in Electric Furnaces.............. 232 


Metals Engineering Digest 
Symposium on Atmospheric Corrosion... . . 150 Departments 


Mechanical Properties of Low-Alloy Steels. . 180 ee eee eee 37-B 
Grain-Boundary Structure................. . 248 


Metal P ress is published monthly by the American Society for Metals, Publication office Mt. 
Morris, Ill. Editorial and general es Metals Park, Novelty. Ohio. -class postage paid 
at Mt. Morris, Ill. Vol. 77, No. 5, May 1960. Copyright 1960 by American Society for Metals. 
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what’s the 
handiest 
alloying 
nickel 
you can 
buy? 


By the drumful, shovelful, scoopful, handful, or spoonful 
... Sherritt nickel is about the most convenient alloying 
metal you can buy. No wrestling with unwieldy plates. No 
cutting or hacking. High-purity Sherritt nickel comes to 
you in handy briquettes and in three grades of powder 
for faster, easier alloying. These powders and briquettes 
go into solution more rapidly with less chilling. You can 


make alloying additions at the end of the heat. Special 
nickel grades and coated powders are also available. 

FOooTeE MINERAL ComMPANY is the exclusive sales agent for 
Sherritt nickel and cobalt in the United States and Canada. 
For complete illustrated brochure with prices and delivery 
information, contact the Foote Mineral Company, 424S 
Eighteen West Chelten Building, Philadelphia 44, Pa. 


SHERRITT GORDON MINES LIMITED 
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The striking photograph on p. 97 which introduces the special 
report on modern tool materials and metal fabrication was supplied 
by Peterson Products Corp., Schiller Park, Ill. 


Cover Competition 


In “Press Breaks” some months ago we commented on the fact 
that many Metal Progress covers during the last 15 years had been 
secured from annual competitions by students in advertising art at 
the Cleveland Institute of Art. This year that class was joined by 
the class in illustration, and the result was an amazing 74 entries! 
You could go around the room with eyes closed, poke your finger at 
the wall, and come up with an excellent design. The judges (one 
% of them a former student who had an entry into our very first com- 

petition! ) finally came up with five prize winners, and Editors Thum 

be and Gray picked out six more we laymen thought were very good. 

he They will all be on display at the @ booth at the annual convention 
in Philadelphia this fall. 


A Sturdy Oak 


In this column in April 1959 a 92-word definition of metallurgy 
was given and one of our friends wrote that it sounded more like 
a telegraphic summary of a year’s contents of Metal Progress. In- 
deed this was a compliment to the magazine’s coverage! But what 
brings the topic up again is the fact that the field of metallurgy is 
not static, praise be; something new, interesting and vital is sure to 
appear at intervals and dominate the stage. In the Editor-in-Chief's 
working life there have been at least seven such periods: 

Prior to World War I: Improvements in concentration (flotation ), 
smelting and refining (electrolytic zinc, for example). 

1914 to 1924: Heat treatment of carbon and alloy constructional 
steels. 

1925 to 1931: Welding (gas and electric) as a production opera- 
tion rather than merely a method of repair. 

1932 to 1938: Corrosion resisting steels and alloys. 

1939 to 1945: Two things simultaneously: (a) Strong aluminum 20-HIGH CLUSTER STRIP MILLS 
and magnesium alloys for aircraft and (b) low-alloy steels selected 
for proper hardenability. 

1946 to date: Heat resisting steels, first for jet engines and now 

» for missiles. 
1950 to date: Radioactive metals and metals for nuclear devices. 
‘ We could of course mention others. In any event one might 
x compare them to vigorously growing branches on a sturdy oak tree. 
But we on the editorial staff of Metal Progress believe that there is 
one supporting stem which throws off all these branches, and it 
is variously called metallurgy, metallurgical engineering, physical 
metallurgy, metals engineering. The sturdy trunk is metals; fertilize 
and water the roots and thereupon branches will spring off as the 
oak continuously grows. As editors, we must never confuse the MACHINE MEG. CO., INC 


branch for the stem. ae 114 East 32nd t 
New York 16, 


Our standard line of 
equipment includes: 


Casting Machines and Molds 
Saws and Cut-off Machinery 
Hot and Cold Rolling Mills 

Rod and Tube Draw Benches 
Roller and Stretcher Levellers 
Air and Hydraulic Tube Testers 
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WHY BIG THINGS ARE 


Everybody likes change! Particularly the 
kind of money-saving changes introduced by 
Inductotherm to induction melting in the 
past seven years. 


To the basic advantages of induction melt- 
ing, Inductotherm has added features that 
assure lower costs by simplifying installation, 
speeding operation, and reducing service 
requirements. 


e Inducto® power feed through tilting furnace 
trunions cuts the cost of pit construction; 
saves power losses by reducing cable length. 

e Rigid, heliarc welded furnace frame con- 
struction improves furnace life and lining 
life. 

e Prepackaged, pretested Inducto control 
centers take the time, trouble, and expense 


out of control installation; make start-up 
swift, sure, and easy. 


The most space-saving induction melting 
systems ever available are the Inducto 
“Integral” series, which package motor- 
generators, capacitors, transformers and all 
controls in one compact console! 


Big things are happening in induction melt- 
ing because Inductotherm is making them 
happen. But the biggest innovation has been 
the Inductotherm concept of service. Not just 
fast repairs and overnight replacement of any 
parts... but the fact that Inductotherm is in 
business to fit induction melting to your needs. 
We will do everything in our power to improve 
our equipment and the induction technique, 
never asking you to trim your requirements to 
the limitations of our equipment. 


If you’d like more information on Inductotherm furnaces, write for 
Bulletin 70. But, for a taste of Inductotherm service, ask 
to have an engineer call. Inductotherm Corporation, 
412 Illinois Avenue, Delanco, New Jersey. 


NDUCTOTHERM 


See Us at The FOUNDRY SHOW — BOOTH 224 
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When you apply 
heat to aluminum 
Lindberg can give 
you the right help 


If your product requires the appli- 
cation of heat to aluminum, you 
can safely look to Lindberg for the 
equipment and methods to do the 
job best. Anywhere along the line 
from the ingot to the finished prod- 
uct, Lindberg-Fisher equipment 
and broad experience can meet 
every need. 

With its long-time background 
in all phases of heat to industry 
our engineering staff has standout 
knowledge of the hows and whys 
of aluminum melting, casting and 
treating. Over the years this staff 
has been responsible for many of 
the most important developments 
in the field. 

For instance, the technique of 
putting a cast lining in induction 
melting furnaces to provide lower 
initial and maintenance cost... 
the Lindberg Autoladle, the first 
practical automatic ladling unit .. . 
the two-chamber induction melting 
furnace ... and many other practi- 
cal innovations. This is why our 
aluminum processing experts, such 
as Ray Dunn are frequently con- 
sulted in an advisory capacity on 
aluminum treating problems. 

Since we cover all types of equip- 
ment for melting, holding or treat- 
ing aluminum, you can depend upon 
us to recommend objectively the 
most suitable procedures and equip- 
ment to fit your requirements. Get 
in touch with your local Lindberg 
Field Engineer (see your classified 
phone directory) or write direct to: 
Lindberg-Fisher Division, Lind- 
berg Engineering Company, 2448 
West Hubbard St., Chicago 12, Ill. 


THERE’S LINDBERG EQUIPMENT FOR EVERY INDUSTRIAL NEED 


Line-up of four Lindberg-Fisher electric resistance reverberatory holding furnaces 
at McCulloch Corporation. Die casting machines are just behind each furnace. 


Line-up of four die casting machines at McCulloch Corporation. 
Lindberg-Fisher Holding Furnaces are just behind each machine. 


> 
; 
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=... “These are representative units from complete Lindberg; 


THE RIGHT COMBINATION FOR 


DIE CASTING EFFICIENCY...LINDBERG 


FURNACES AND AUTOMATIC LADLING 


Die casting efficiency at the McCulloch 
Corporation, Los Angeles, California, has been 
gratifyingly increased with the new installation 
of four Lindberg Electric Resistance Reverbera- 
tory Holding Furnaces equipped with Lindberg’s 
automatic ladling unit, the Autoladle. These 
holding furnaces, with 2000 lbs. molten alumi- 
num capacity, are spotted adjacent to four die 
casting machines. Molten aluminum is delivered 
to the furnaces by monorail and held at the pre- 
cise temperature required by the casting station. 
The precise shot is delivered automatically to the 
die casting machine by the Lindberg Autoladle. 
This installation is used primarily for casting 
parts for McCulloch-Stott outboard motors. 


In any production process where aluminum 
needs heat there is Lindberg equipment to 
apply it most economically and efficiently, and 
Lindberg experience to fit this equipment most 
ideally to your product and production require- 
ments. Furnaces for melting and holding, cast- 
ing stations, re-melting or heat treating are 
available in all capacities, electric or fuel fired. 
Get in touch with your Lindberg Field Engineer 
(see your classified phone book) or write us 
direct. Lindberg-Fisher Division, Lindberg 
Engineering Company, 2448 West Hubbard St., 
Chicago 12, Illinois. Los Angeles Plant: 11937 
South Regentview Ave., Downey, California. 
In Canada: Birlefco-Lindberg, Ltd., Toronto. 
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Precise shot of proper temperature aluminum is auto- 
matically delivered from conveniently located holding 
furnace to die casting machine by Lindberg Autoladile. 


Large Aluminum Melting 


— 


Housings for McCulloch-Scott outboard motors, 
shown here, are representative of the type of cast- 
ings Lindberg equipment helps McCulloch produce, 


» ofl 0 fi 


At Associated Spring Corp., Bristol, Connecticut, pre- 
cision springs finer than a human hair are vacuum heat 
treated to rigid specifications. Fabricated from critical 
alloys, they require precise processing. A Stokes Vacuum 
Furnace enables production of springs for even the most 
delicate instruments. 


HIGH SPEED PRODUCTION 


STOKES 


Recognizing the importance of profitable pro- 
duction as soon as possible after prototype 
proving, Stokes has made high speed an in- 
herent factor in its vacuum metallurgical equip- 
ment. With each technological breakthrough, 
Stokes vacuum engineers intensify their efforts 
to convert the research accomplishment into a 
practical and profitable production reality. 


From research and development to system installation 
and operation, Stokes unmatched technical compe- 
tence and unparalleled experience assure you the most 
advanced performance in vacuum metallurgy. Stokes 
led in compressing the time from prototype develop- 
ment to full scale production. Now, Stokes offers 


Welsh Industries uses two Stokes vacuum metallizers 
in first and second surface metallizing of a variety of 
automotive and appliance parts. Because they require 
less attention, one operator can supervise two Stokes 
metallizers. Welsh has realized a 20% production in- 
crease since installing the Stokes units. The compact size 
of the Stokes metallizers saves Welsh 10% in floor space. 
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COUPLED WITH QUALITY 


Advance Vacuum Metallurgy 


realistic high speed, profitable production . . . stem- 
ming from complete vacuum system engineering. A 
recently installed Stokes high production furnace has 
produced over 1,000 heats in just 3 months! 


Stokes offers the most complete range of types and 
sizes of vacuum furnaces and metallizers ...as well 
as custom-designed systems. For example, we have 
demonstrated our capability in supplying a complete 
turnkey installation—erected, tested and delivered 
in operation. Result: you profit from a single source 
of responsibility. 


If you have out-of-the-ordinary requirements, we can 
handle them also. The large majority of special instal- 
lations throughout the United States are Stokes- 
engineered. And whether it’s a special system or 
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production unit, you get faster delivery and fewer 
costly holdups. 


Let us put our vast experience and complete facilities 
to work for you. Stokes Engineering Advisory Service 
will work closely with you in planning and designing 
an installation that will serve both your present and 
future needs... profitably. May we invite you to 
contact us directly in order to learn all the facts? 


Vacuum Metallurgical Division 


F. J. STOKES CORPORATION 


5500 Tabor Road, Philadelphia 20, Pa. 


At Misco Precision Casting Co., semi-continuous vacuum 
melting and casting is being accomplished in two ver- 
satile Stokes Induction furnaces. Successive charges of 
the metal can be introduced into the vacuum chamber 
from the outside, loaded into the crucible, melted, 
poured, and the cast pieces (in their molds) removed 
from the chamber ...all without breaking the vacuum. 


Installed at Atomics International, this Stokes 50 KW 
vacuum furnace is casting long, hollow uranium cylinders 
to such size tolerances that no subsequent machining is 
required. For another project, the furnace operates 
remotely in casting uranium fuel slugs. In both instances, 
maximum precision must be sustained through tight, 
large-scale production schedules. 
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O how to degrease more parts per dollar of cleaning cost 


Every time they needed more vapor-degreasing solvent, the drum was empty, it seemed. 
At first it didn’t bother them much. Then, suddenly, they realized what was happening to 
their degreasing costs. 
The solvent wasn’t lasting as long as it should between bath cleanouts. That’s why they had to 
use so much of it. Worst of all, every time a bath went sour they had to pull the degreaser off the 
line. That’s where the real expense was lurking: in slowed-up production. 


PSP TO THE RESCUE They solved the puzzle—with a degreasing solvent that can’t 
wear out prematurely. It has permanent staying power—psp—because it’s protected by a stabilizer 
that doesn’t get used up during degreasing. 

You stand a good chance of getting lower metal-cleaning cost with this solvent, too. It’s called 
Nialk TRICHLOR. You don’t have to add fresh stabilizer to it. Even when you distill the solvent, it 
remains stable. Even the vapor is stabilized. And you use less solvent, because less goes down 
the drain in unnecessary cleanouts. 

Interested in finding out what you can save with this better trichlorethylene? Your Nialk 
TRICHLOR distributor can give you swift service on the quantity you need. Call him today. 


NEW 36-PAGE BULLETIN explains fully how you get more and better “: 
vapor degreasing for your money with Nialk TRICHLOR. Shows basic types of vapor | 
degreasers. Discusses cycles, operating procedures, stabilizers, causes of solvent) ES] 
contamination, solvent recovery, trouble shooting. Ask your distributor for a copy, 
or write us. 


Nialk® TRICHLOR, a product of 
HOOKER CHEMICAL CORPORATION 


40858 UNION STREET, NIAGARA FALLS, NEW YORK ERX 


Sales Offices: Buffalo Chicago Detroit Los Angeles New York Niagara Falls Philadelphia Tacoma, ieee 
Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 
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HOW STILL 
ANOTHER 
MANUFACTURER 
JOINS 
STAINLESS 
STEEL 
TUBING: 


He uses 
Handy & Harman’s 
BRAZE 630 


He’s one of many manufac- Each of the 17 joints is hand-torch brazed with 
turers and fabricatorswho have Handy & Harman BRAZE 630 wire and HANDY FLUX 
found—to their lasting satisfac- TYPE B-1. There’s no question that this is a unique 
tion—that Handy & Harman application. There’s no question, either, that the 
silver alloy brazing is the final application is stainless steel. The ease and economy 
answer to stainless steel joining with which this manufacturer solves his problems 
problems. can be just as readily applied to your stainless steel 
Super-Donic Manufacturing Company, Atlanta, Georgia,manu- joining problems. 
factures ‘‘Dual Arm Transmissions” for the dental industry. Most Strength, production speed, electrical and thermal 
everybody has—at one time or another—seen and/or felt this unit conductivity, gas and liquid tightness and low cost 
in operation. are natural benefits of silver alloy brazing. We think 
It is fabricated of small diameter 304 and 316 stainless steel it worth your while to learn more about this re- 
tubing and, in its assembled form, consists of some 17 separate . markable metal-joining method—we'll be glad to 
brazed joints. Joints must be strong, corrosion resistant and send you any information you ask for. Handy & 
neat-appearing. Harman, 82 Fulton St., New York 38, N.Y. 


Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


FOR A GOOD START: 
BULLETIN 20 
This informative booklet gives a }j 
good picture of silver brazing and 
its benefits . .. includes details on 
alloys, heating methods, joint de- 
sign and production techniques. 
Write for your copy. 
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HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


Bridgeport, Conn. 
Chicago, Ili. 
Cleveland, Ohio 
Dallas, Texas 

Detroit, 

Los Angeles, Calif. 
New York, N.Y. 
Providence, R. |. 

San Francisco, Calif. 
Montreal, Canada 
Toronto, Canada 
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Meets precise metallurgical standards in carburizing, carbonitriding, 
neutral hardening, sintering, normalizing, annealing and brazing. 


® Each zone with individual 100% forced convection @ Both forced convection atmosphere cooling and 
heating! hot-oil quench. 


® Silicon carbide skid-type hearth fully supports light- @ Ipsen pusher units are shipped completely piped, 
weight trays. wired, and tested. 


® Super-alloyed ceramic tubes guaranteed one year. Cross-section diagrams and complete details cover- 
Ipsen ‘'Flame-Busters” complete combustion within ing all sizes of Ipsen pusher units are shown in 
the heating portion of the tube. Bulletin P-59. Send for your copy, today. 


* special units available for higher temperature operation 


DSe IPSEN INDUSTRIES, INC. - 723 SOUTH MAIN STREET + ROCKFORD, ILLINOIS 


HEAT TREATING UNITS 
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-Here’s the NEW Ipsen pusher heat treating unit 
| | m 
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One of the 20-foot continuous-cast 


i ombinin g corrosion resistance, Asarcon Ni-Vee gate stems for sluice 
powerhouse 

exceptional structural strength, 

hardness, and wear resistance: 


ASARCON® NI-VEE* BRONZES 


The unusual strength, exceptional hardness and excellent 
wearability of these continuous castings of Ni-Vee copper 
alloys are still further increased by simple heat treatment. 
Asarcon Ni-Vee castings are highly qualified for rugged heavy 
; duty service, especially where corrosion is a problem. They are 
available as rods, tubes, and special shapes, in lengths up to 
20 feet, diameters from 13/32” to 9%”, only 1/32” away 
from finished dimensions. And they are guaranteed to be free 
of porosity, sand inclusions, and blow holes. For further infor- 
mation, write to Continuous Cast Department, American Smelt- 
ing and Refining Company, Barber, N. J. or Whiting, Ind. 


*NI-VEE is a registered trademark of International Nickel Company. 
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UOUS CAST DEPARTMENT 


West Coast Distributor: Kingwell Bros., Ltd., 457 Minna Street, San Francisco, Calif. In Canada: 


Federated Metals Canada, Ltd., Toronto and Montreal. Distributors in many principal cities. 
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the Higher you aim 


for new productivity 
the more you need 
ScovillS Count down 


on quality 


brass 
copper 
aluminum 


MILL PRODUCTS 
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SCOVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill St., Waterbury 20, Conn., Phone Plaza 4-1171 
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gives You 

fault-free metals 
® for high speed 

fabrication 


Advanced mill processes — Scovill pio- 
neered the CONTINUOUS CASTING of Brass 
alloys to bring fabricators of Brass Mill Products 
the new standard of metal soundness and uni- 
formity made possible by this unique process. 
Other more recent new mill installations at Scovill 
include precision-controlled Aluminum rolling 
mills; the advanced Sendzimir Mill for extra-close- 
tolerance sheet and strip; the World’s largest verti- pr! 
cal tube extrusion press, with automatic induction ae 
billet-heating equipment, as well as one of the In- 

dustry’s newest and largest specialized tube mills. 


Advanced quality-control procedures — 
insure dependable UNIFORMITY in all Scovill 
Mill Products specifications . . . order to order 
and lot to lot. They promise more accurately di- 
mensioned, finer quality mill products essential to 
efficient high speed fabrication. Quality-control is 
a full-time job at Scovill, and the results are 
evident to fabricators in their own higher pro- 
duction speeds, minimum tool and machine adjust- 
ments and superior quality of finished products. 


Advanced inspection equipment and 
methods — There are many inspection stations 
along each of the Scovill production lines for Brass 
strip and sheet, rod, wire and tube. In addition, 
samples of alloy billets and bars, as well as of 
finished mill products, undergo detailed inspection 
and test procedures in Scovill’s Metals Research 
laboratories. Brass Mill Products that pass these 
rigid inspections and tests are considered by many 
to be the finest in the World. 


Advanced packaging — Unique Scovill pack- 
aging methods protect quality, finish and condition, 
make it easier for fabricators to warehouse, handle 
and use Mill Products. Time- and cost-saving in- 
novations such as extra-long-length coils of strip, 
self-feeding wire “dispenser” drums, special long 
lengths when required in tube mill products, are 
available to fabricators who need them. 


Make Scovill a part of your competitive team, let « 
us contribute our wealth of experience and ultra- 

modern equipment to the success of your NEW 

products and production plans. 


MADEN USA 
10. 


SCOVILL MANUFACTURING COMPANY 
Mill Products Division, 99 Mill Street, Waterbury 20, Conn. Phone Plaza 4-1171 
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TOOL STEELS 


MAY 1960 


THIS DRILL JIG 
NOW 


low Temperature — Air 


Hardening* 


TOOL and DIE STEEL 


Reduces Grinding and Machining Time 


LO-AIR, the tool and die steel that features 
easy machinability and least distortion in 
hardening, permitted up-grading of steel in 
this case—as reported by Mr. Joseph Carrera, 
Plant Superintendent of Quality Tooi and Die 
Company, Hoboken, N.J.—because savings in 
time more than made up for the difference in 
material cost. 
The drill jig illustrated above required much 
less heat treating expense—and 25 hours less 
ig boring and jig grinding time with LO-AIR. 
if was formerly made of cold rolled machinery 


*U.S. Pat. No. 2,355,224 


steel, which had to be carburized to provide 
necessary wear resistance. Also, there was a 

great hazard of crackin ing in quenching this 
oy LO-AIR also solved these problems. 
For complete data on this and other LO-AIR 
applications, write for Performance Report No. 
23. Also, we will gladly send you a copy of our 
12-page ‘LO-AIR brochure which contains full 
information on this time and money saving 
tool and die steel. Complete stocks available. 
Call our nearest warehouse or sales office for 
quick delivery. 


UNIVERSAL 


STAINLESS STEELS °* 


CYCLOPS 


STEEL CORPORATION 
EXECUTIVE OFFICES: BRIDGEVILLE, PA. 
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Design and development work on 
hypersonic flight vehicles by Boe- 
ing Airplane Company and other 
missile and airframe manufac- 
turers has indicated some impor- 
tant use-possibilities for Fansteel 
82 Metal. This new columbium- 
tantalum-zirconium alloy was 
among the materials fabricated 
into prototype leading edges for 
materials capability evaluations 
at 2000°F and over. Results veri- 
fied Fansteel’s own tests proving 
the metal’s high strength-to- 
weight properties at elevated tem- 
peratures. 


Report on Developments of 


New Fansteel §2 Metal 


in Hypersonic Vehicle 
Prototypes 


during exposure at 2000°F in air, 
82 Metal is ten times as resistant 
as the pure refractory metal. Six- 
teen-hour, 2000°F test in flowing 
air showed remarkable low scal- 
ing of 0.01 cm. 


Tensile Properties of Sheet 


The encouraging results of Boe- 
ing’s prototype tests indicate 82 
Metal’s suitability for airframe 
and missile material. Average ten- 
sile properties are shown below. 


Excellent Oxidation Resistance 


Exhaustive tests in the Fansteel 
laboratories prove Fansteel 82 
Metal far superior in oxidation 
resistance to pure columbium. Cal- 
culated on the basis of weight gain 


Fansteel 82 Metal Easily Formed 


In addition to its high tempera- 
ture properties, 82 Metal has 
excellent fabricating characteris- 
tics. Ductile welds are made with 
little or no tendency to fracture in 
heat affected zones. It is easily 
fabricated at room temperatures, 
as worked or annealed. Its melting 


TENSILE PROPERTIES OF SHEET 


TEMPERATURE ULTIMATE TENSILE | YIELD STRENGTH | ELONGATION 
Degrees F ATMOSPHERE STRENGTH, psi. .2% offset, psi. % in 1 in. 
70-80 Air 76,000 65,000 12 
1800 Argon 59,000 53,000 15 
2400 Argon 19,000 15,000 14 


Photos Courtesy of Boeing Airplane Company 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A. 


Welding the Boeing prototype in 
an inert atmosph hamb 
using tungsten inert gas process. 


point is 4550°F and density 10.26 
grams per cc (0.371 lb. per cu. in.). 


Design and Engineering Help 


Fansteel engineers and metallur- 
gists are now working with many 
other firms in adapting Fansteel 
82 Metal to specific areas. They 
will be glad to cooperate with your 
own designers and production 
people in studying and applying 
this useful new metal. Just send 
us your print or part sample, or 
call in the Fansteel representative. 


Available From Stock 


For experimental purposes .. . 
Fansteel 82 Metal is available 
from stock in ingots, forgings, bar, 
rod, plate and sheet. Let us keep 
you informed of developments 
concerning this new alloy as they 
occur. Write for the latest techni- 
cal bulletin. 
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Fabricator Reduces Punching Costs 
by Changing to Omega Tool Steel 


This picture, taken at Dave Steel Co., 


Asheville, N. C., shows Bethlehem Omega 
tool steel punching a 1%-in. diam hole in 
a structural angle about 3¢-in. thick. The 
fabricator reported that the Omega per- 
formed as though the structural steel 
were so much butter. It produced thou- 
sands of clean, burr-free holes of uniform 
size, resulting in an 18 pet reduction in 
punching costs, as compared with the 
grade formerly used. 

Omega is our “super” grade of oil- 
hardening, shock-resisting tool steel. In 
addition to being a long-wearing grade, 


Omega offers maximum shock-resistance 


MAY 1960 


for hardnesses up to Rockwell C-59. 
Omega tool steel can be quenched in 
oil at 1625 F. It also offers the advantage 
of water quenching from 1550 F. 
TYPICAL ANALYSIS 
C. Mn si Me 


0.60 0.70 1.85 0.45 0.20 


Besides its use in punches, Omega is also 
ideal for ealking tools, beading tools, 
shear blades and chipping chisels—in 
fact, any severe service involving drastic 
and repeated impact. 

If you would like full details on Omega 
tool steel, get in touch with your Beth- 
lehem tool steel distributor. 
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BETHLEHEM TOOL STEEL 


‘ENGINEER SAYS: 


Pack Hardening Tools? 
Be Sure to Use 
a Thermocouple 


When pack hardening tools to reduce 
scaling and decarburization, it’s a good 
idea to place a thermocouple in the pack, 
against the tools, to check accurately the 
time the tools are at heat. Failure to do 
so may lead to trouble. 

For example, an experienced heat- 
treater pack hardened a large-diameter 
die ring made of Bethlehem Lehigh H 
tool steel. Then he checked the hardness. 
Imagine his surprise to find it was only 
Rockwell C-48. Puzzled, he checked the 
furnace pyrometer charts. They showed 
that the recommended heating cycle had 
been followed. But why such a low 
hardness? 

A Bethlehem contact metallurgist sug- 
gested that the die ring be rehardened, 
and that a thermocouple be inserted in 
the pack against the ring. After this was 
done, and the cycle repeated, the hard- 
ness jumped to Rockwell C-60. It was 
noted that the time required to heat the 
tool was 50 pet greater than in the first 
cycle. Thus the heat-treater had proof 
that in the initial treatment, the die ring 
was not heated long enough to reach 
proper temperature, despite the fact that 
the furnace pyrometer apparently indi- 
eated the correct heating cycle. 


Upset-forged Discs Are Easy To Machine 


Bethlehem upset-forged discs, made of Cromo-WV 
(H-12) tool steel, are ideal for aluminum extru- 
sions tooling because of the basic 5 pct chrome 
analysis. They are also economical because of 
their easy machinability, and ease of heat-treat- 
ment. They’re made with exacting care, and are 
finished in ring dies to insure good section and 
sharp edges. Moreover, Cromo-WV has good 


resistance to washing and heat checking. 
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RIE 


TESTIN 


Riehle 


A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


“One test is worth a thousand expert opinions.’ ™™ 


Divisions of American Machine and Metals, Inc. 
TROY LAUNDRY MACHINERY e RIEHLE TESTING MACHINES e@ DE BOTHEZAT FANS e TOLHURST 
CENTRIFUGALS ® FILTRATION ENGINEERS @ FILTRATION FABRICS @ NIAGARA FILTERS @ UNITED 
STATES GAUGE e RAHM INSTRUMENTS e LAMB ELECTRIC COMPANY e@ HUNTER SPRING COMPANY 
GLASER-STEERS CORPORATION 
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with COMPLETE 
instrumentation 
and accessories 


For easy, satisfactory solutions to your new industrial 
and research testing problems, consult RIEHLE TESTING 
MACHINES. From this single source, you can obtain 
complete instrumentation and accessories which meet 
the ever increasing demands for more usable and 
varied information about modern materials and designs. 

RIEHLE TESTING MACHINES attain maximum flexibil- 
ity and economy with such special accessory instru- 
mentation as converters, calibrators, axial alignment 
checkers and automatic rate controls. Strain measur- 
ing instrumentation ranges from room temperature 
snap-on extensometers to dual range instruments and 
highly sophisticated vacuum furnace extensometers for 
temperatures up to 4000° F. 

This instrumentation makes RIEHLE UNIVERSAL MA- 
CHINES adaptable for creep, relaxation, tension, com- 
pression and cycling tests for a wide range of 
environmental conditions. 

ONLY RIEHLE offers the Electro-Balanced Indicating 
Unit for both hydraulic and screw power machines. 
Another RIEHLE “first” is a stress computer for pro- 
ducing a stress-strain curve recording. 

Send RIEHLE engineers your requirements for any 
special problems in physical testing to save valuable 
time on vital projects. Three catalogs are available 
for complete details. Send inquiries to Dept. MP-560. 


CREEP AND STRESS RUPTURE TESTING MACHINES 
HYDRAULIC FATIGUE TESTING MACHINES ¢ HYDRAULIC 
UNIVERSAL TESTING MACHINES « UNIVERSAL SCREW 
POWER TESTING MACHINES 
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Ferrous Metals 


Color-Coated Steel Panels 
Ridged, galvanized, 26-gage steel is the basis of color- 


coated steel panels for curtain walls and other architectural 
details. Sheets are 36 in. wide and any length specified. 
Nine colors are available, chosen by an automotive styling 
expert to appeal to modern tastes. Several coats of a 
vinyl-base color or aluminum coating are topped off by a 
clear adhesive coating. Stran-Steel Corp. says the baked 
color won't chip, peel or fade. 

For further information circle No. 1450 

on literature request card, p. 48A and B. 


Nonferrous Metals 
Aluminum Alloy of High Machinability 


An extensive research into the machinability of alumi- 
num alloys by Kaiser Aluminum & Chemical Corp. has led 
to the marketing of an improved 2011-T3 alloy, trade- 
named “Micro-Chip”. Extensive field tests show that it 
produces smaller and finer chips and with longer tool life 
in 90% of the trials made to compare it with conventional 
2011-T3. The parts have a consistently bright and clean 
appearance. Stock is color-coded on both ends. 

For further information circle No. 1451, p. 48A and B. 


Cutting and Forming 


Electrical Discharge Machining 

The engraving shows an “HM-650” machine with port- 
able and detachable power supply for sinking shapes in 
_ forging dies by “electrical 
discharge machining” at 
o the unprecedented rate of 
a 20 cu.in. per hr., — so fast 
4 indeed that an efficient 
' exhaust system must carry 
away the iron oxide smoke. 
The electrodes are of an 
improved aluminum alloy 
which wear, it is said, at 
less than one-eighth the 
rate of conventional elec- 
trodes. The “ER-300” power supply shown is for rapid 
and rough machining to within 0.06 in. of the final con- 
tour, whereupon it is wheeled away and replaced with an 
“Elox NPS” finishing power supply without moving the die 

or other parts of the set-up. Elox Corp. of Michigan. 

For further information circle No. 1452 
on literature request card, p. 48A and B. 


Cutting Torch 


Several new features char- 
acterize a rugged cutting 
torch for heavy duty — up 
to 24-in. steel. Large tubes 
and valves supply ample 
gas. Oxygen can be grad- 
ually increased to avoid 


MAY 1960 


PRODUCTS 


spraying of slag and to control the cutting process with 
depth. A set of tips, which slip into place without need- 
ing a wrench for tightening, are included, so the equip- 
ment can use several kinds of fuel gas. Light (3 Ib., 
10 oz.) and well balanced, the head may be 75° or 90°, and 
the length 21 or 36 in. Smith Welding Equipment Corp. 

For further information circle No. 1453 

on literature request card, p. 48A and B. 


Billet Cut-Off 


Aluminum alloy billets up to 16 in. diameter may be 
rapidly cut in an automatic cycle of operations on the Loma 
Machine Mfg. Co.’s equipment. The saw, 48-in. dia., is 
driven by a 75-hp. motor, both tilted by a hydraulically 


operated arm, and swung in such a way that the pressure 
is taken by the rugged base, thus eliminating chatter and 
insuring an unusually smooth cut. Chips and coolant 
are thrown to receptacles at the rear and removed by con- 
veyers and drain. Feed table, stop, clamp, saw, and run- 
off table operate by program control. 

For further information circle No. 1454 

on literature request card, p. 48A and B. 


Industrial Heating 


Vacuum Heat Treatment 


A rear view is shown of 
a high-vacuum furnace 
(Series V-5-750) with 
work space 26-in. cube 
and 200-Ib. capacity, made 
by Ipsen Industries. The 
door on the other end is 
hinged at the side and has 
a peep hole. The vacuum 
equipment is a 120-cu.ft. 
per min. mechanical 
pump, and a 16-in. vapor diffusion pump; 20 min. is re- 
quired to reach 1 micron. Power panel (not shown) also 
contains controls whereby the complete heat treating cycle 
may be set to operate automatically. The hearth is of 
molybdenum and the heating elements are graphite. The 
work is cooled by a vacuum-sealed fan within the casing 
which blows inert gas on the work; maximum load cools 
from 2600° down to 400° F. in 90 min. 
For further information circle No. 1455 
on literature request card, p. 48A and B. 
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EVERY TWO WEEKS THIS TAPE CAN  ) 


@- DELIVER THE WORLD OF CURRENT x ) 


@ LITERATURE TO YOUR DESK 


Now you can say good-bye to page-by-page searching of hundreds 
of magazines for the technical information you need . . . because 
the American Society for Metals is coding, on electronic tape, every 
current metals article from over 600 of the world’s leading maga- 
zines ... plus patents, government reports, books, everything pub- 
lished. This will be a continuing process. The tape will contain, in 
code, every article you will read and the many articles you won’t 
read because you will never see them. 


You can subscribe to the use of this tape through the Information 
Searching of ASM’s Documentation Service. As a subscriber, you 
tell ASM the subject in which you are interested. Then, every two 
weeks, ASM sends you digests of only the current published infor- 
mation which touched on that interest. Your requested subject can be 
as broad as “vacuum melting and pouring” or as definitive as 
“properties of stainless steel for temperatures down to —423° F.” 
Whatever your interest, ASM sets its electronic searching selector 
and from the tape comes your tailor-made digests. From these 
digests you 1..ay then order photocopies of the articles you want for 
your library or for immediate reference. 


ASM’s Information Searching is a most important advance in 
modern research tools. It is a major breakthrough for any firm 
which looks to technology for the solution to metals problems. For 
firms of any size, it can inexpensively provide what until now was 
impossible ; a complete and continuing world library of specific infor- 
mation without the turning of a page. A descriptive booklet will 
answer any questions you may have—how Information Searching 
can save you and your firm the time and money now spent for page- 
by-page literature searching—how it can keep you completely cur- 
rent. For your copy, mail this coupon to: American Society for 
Metals * Documentation Service * Metals Park * Novelty, Ohio. 


Title. 


Company. 


Street 


Zone. State. 


AMERICAN SOCIETY FOR METALS <3 


Documentation Service ¢ Metals Park ¢ Novelty, Ohio 
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High Frequency Generator 

Lindberg Engineering Co. has 
designed a 10-kw. high-frequency 
unit completely enclosed in a 40-in. 
square, 6-ft. high cabinet, weigh- 
ing 2150 Ib. It takes 3-phase, 60- 
cycle current at 230 or 460 volts 
and delivers currents at either 400 
or 4000 kilocycles per sec. at sepa- 
rate output terminals, one of each 
pair being at ground potential. 
Two mercury-vapor rectifiers on 
each leg of the 3-phase input sup- 
ply power to a water-cooled oscil- 
lator tube. This in turn feeds a 
sealed tank capacitor containing a 
liquid dielectric for the 400-kilo- 
cycle system, and vacuum capacitors for the 4000-kilocycle 
system. Among the auxiliaries is a system of neon lights 
which indicate any abnormality in the protective devices. 

For further information circle No. 1456 
on literature request card, p. 48A and B. 


Gas Burner 

Series 4423 Sealed-In Nozzle Mix 
Burner operates on constant air 
supply but the gas may be varied 
either manually or by automatic 
controllers. For example, the larg- 
est size (1% in.) can have its fuel 
turned down from 431 cu.ft. per 
hr. to 52; the air pressure remains 
constant at 16 ounces. This results 
in a reduction of heat from 430,000 


eter, running at any desired speed ( oscillated or not) and 
pressing at any desired force. Buffing compounds and 
vehicles are sucked from the cabinet. Horsepower re- 
quired, plus a study of the finish, evaluate the results. 
For further information circle No. 1458 
on literature request card, p. 48A and B. 


Emulsion Cleaner 
Steel — and in fact most metallic alloys — can be cleaned 

of dirt and heavy oil films during immersion from a few 
seconds up to 10 min., depending on circumstances, in a 
cold solution of “Heatbath Emulsion Cleaner No. 1”. All 
that is then necessary is a water rinse (by pressure spray 
if dirt is heavy) which emulsifies the solution carried out 
and leaves behind a clean metallic surface, usually suitable 
for plating, phosphating and blackening without further 
ado. There is no bad odor; the cleaner also withstands 
contamination excellently. Heathath Corp. 

For further information circle No. 1459 

on literature request card, p. 48A and B. 


Spot Electroplating 

A small cabinet weighing only 
225 Ib. contains a power pack for 
two electroplating circuits. It plugs 
into any 220-volt, 60-cycle, single- 
phase circuit, and can deliver direct 
current to two circuits, each vari- 
able from zero to 50 amperes and 
from zero to 30 volts. One lead — 
the cathode of each pair — clamps 
to the work; the anode has a stylus 
wrapped with cotton saturated 


Btu. to 3000 in a furnace at 675° F; 
at the low point the flame is entirely 
within the hollow tile block, and the 
hot gases going through the pores are 
at about 700° F. Flame monitoring 
devices, either a constant or inter- 
rupted pilot, may be installed. North 
American Mfg. Co. 

For further information circle No. 1457 
on literature request card, p. 48A and B. 


Cleaning & Finishing 

Testing of Finishing Qualities 
A machine was designed in 1957 
for a research program of the Ameri- 
can Electroplaters Society which 
proved so successful that a model for 
commercial operations is now being 
made by Acme Mfg. Co. As shown 
in the view, 5 x 12-in. samples of 
plated ware are attached to a con- 
veyor which moves horizontally under 
a buffing wheel of any desired diam- 


@ LOW-COST 
@ MOTORIZED 
@ POSITIVE ACCURACY 


8811 Lyndon Ave., Detroit 38, Mich. 
Write or call Steel City if you have any testing problem. 


New Ease in Hardness Testing 


with this Steel City 
Brinell Machine 


@ HYDRAULIC 


Now, even smaller shops can do Brinell hardness 
testing with a bench-mounted machine combining 
operating economy, control simplicity, high accu- 
racy. Tests made with only finger-tip pressure. 
Operators cannot apply load too fast or overload. 
Stroke of %4 permits anvil height to remain fixed 
when testing series of pieces of almost equal thick- 
ness. Load, provided by motorized hydraulic pump, 
is accurately controlled by time-tested relief valve. 
Load verified on sensitive hydraulic load gage. 


Distributors in most 
major metalworking areas 


ALSO AVAILABLE IN 
DEAD WEIGHT MODEL 


Either bench or floor-mounted, 
hand-operated or motorized. Op- 
eration is simple, fool-proof, with 
highest accuracy assured. Brinell 
loads can be changed frequently 
without loss of accuracy. 
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ALLIS-CHALI 


Allis-Chalmers induction heater brazing hydraulic tubing to oil pump. Operation is accomplished in seconds. 


Allis-Chalmers induction heater replaced torch-brazing setup... 


brazed 800% faster 


“Both of our Allis-Chalmers induc- 
tion heaters paid for themselves 
within 18 months after installation. 
We are pleased with the quality of 
work they are doing and they have 
already become a necessity to us.” 
This is the comment of the produc- 
tion engineer for one of the big three 
private plane manufacturers ... a 
company which now owns several 
Allis-Chalmers induction heaters. 
The industry’s emphasis on strength 
without weight makes the induction 
heater an important production tool. 


In addition to the advantages of 
weight saving on airplane parts, the 
manufacturer found that production 
speed on brazing operations could 
be increased as much as 800% over 
previous torch-brazing methods and 
that warpage and rejects were re- 
duced 80%. 

Such benefits as speed and econ- 
omy make Allis-Chalmers induction 
heaters worth your consideration for 
soldering, annealing, melting, braz- 
ing, hardening, or forging. 

Allis-Chalmers excels in larger ap- 
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plications — induction heaters up to 
150 kw have been applied to speed 
up production, save labor and im- 
prove product quality. Allis-Chal- 
mers points to a significant number 
of larger installations. 


Let us talk with you about possible 
applications. Call your A-C repre- 
sentative. Or write Allis-Chalmers, 
Industrial Equipment Division, Mil- 
waukee 1, Wisconsin. A-1304 
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with the desired plating solution. A variety of the metals 
commonly used for protective or decorative finishes may 


thus be deposited on selected areas without immersing 


the part in a tank or without extensive masking. Sifco Meta- 
chemical, Inc. 

For further information circle No. 1460 

on literature request card, p. 48A and B. 


Welding & Joining 


Non-Spatter Electrode 


A. O. Smith Corp. has worked up a new electrode simi- 
lar to the widely-used E 6012 for steel, called “SW 612” 
with a coating high in rutile and which, at high-current, 
high-speed operation, especially on poorly fitted joints, 
reduces spatter loss by 60% and increases deposition 
efficiency by 15%. The bead has a good-looking, high 
convex crown which increases its crack resistance. Time 
for slag removal and clean-up is reduced at least 50%. 

For further information circle No. 1461 
on literature request canrd, p. 48A and B. 


“Spike Power” Welding 


A new co-axial ignitron 
tube contactor, capable of 
safely handling very high 
currents for very short 
times, can make resistance 
welds without the large 
transformers conventionally 
necessary. It is said to 
combine all the advantages 
of ordinary resistance weld- 
ing, capaciter discharge 


per with carburetor plus an air dryer, filter and regulator. 
The unit uses oxygen and acetylene and air as a powder 
propellant, which deposits a solid, nonporous overlay on 
the workpiece. The air also cools the pistol’s head and 
tip, resulting in longer life in service. 

For further information circle No. 1463 

on literature request card, p. 48A and B. 


Inspection & Control Equipment 
Compact Spectrophotometer 


A complete instrument with recording device, occupy- 
ing only 3 ft. of bench space, features a fast-acting chart. 
This rotates rapidly until a complex spectrum appears, 
whereupon it instantly slows down so the pen can record 
every detail. This results in a minimum of time for com- 
plete scanning. The 
small house for dual 
lamps at the right side 
is so designed that the 
flip of a lever brings 
into action either a 
hydrogen, a_ tungsten 
or a mercury lamp with 
sharp, narrow lines in 
both the ultra-violet 
and the visible spectra. 
Range extends from 
200 mu in the. ultra- 
violet to 700 mu at the red end. Two gratings, each with 
1200 lines per mm., give very high dispersion and great 
resolving power. Bausch & Lomb Optical Co. 

For further information circle No. 1464, p. 48A and B. 


welding and percussion welding with 
none of their disadvantages. Since 
minimum heat is generated between 
pulses, the electrodes remain cool, 
weld markings are minimum — almost 
non-existent — and the heat is confined 
to the interface contact area where it 
forms the weld “button”. The equip- 
ment is especially adaptable to the 
spot welding of aluminum and its al- 
loys. Robotron Corp. 

For further information circle No. 1462 
on literature request card, p. 48A and B. 


Spraywelder 

The Wall Colmonoy Corp.'s “Spray- 
welder Unit” — basically hand-oper- 
ated, but with an attachment for 


if you spend more than *100 per week 
for paint or other coatings, you should 


find out about... 


NORDSON HOT AIRLES 
SPRAY PAINTING” 


mounting on a lathe-tool post — fea- 
tures high production of 12 Ib. per 
hr., 95% of which is deposited on the 
work. It consists basically of a pistol, 
a hopper and a control panel. Mount- 
ed on the panel are the powder hop- 


MAY 1960 


The Nordson Hot Airless System 
can save you up to 30% on paint 
or other coating materials and 
on labor too! Less expensive 
spray booths and exhaust sys- 
tems are needed. Clean up and 
housekeeping costs are reduced 
and at the same time finishing 
quality is improved. 
Find out how Nordson Hot Air- 
less can pay off for you, in sav- 
ings and in improved quality. 
Write today! 
NORDSON CORPORATION 
68 Jackson St., Amherst, Ohio 
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now available... 


Free Technical Literature on 
Two Unconventional Copper Alloys 


Eight-page booklet illustrated with charts and 
graphs. Gives metallurgical data on patented 
copper-zirconium alloy having tensile up to 
52,000 psi at 400C plus room-temperature con- 
ductivity of 95% IACS; extreme notch tough- 
ness; exceptional hot and cold workability. 


MAIL THIS COUPON TODAY! 


Or if you are already famil- 

iar with AMZIRC and 

AMSULF and would like 

technical assistance in put- 

: ting them to work for you, 

write the Technical Service 
Section. 
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Conductivity and on Hot and 
act 


Eight-page technical bulletin including tables 
and graphs. Provides physical and mechanical 
data of unique copper-sulfur alloy affording 
machinability rating of 90; rapid cutting rates 
and short chip formation; conductivity of 96% 
IACS; freedom from hydrogen embrittlement. 


AMCO DIVISION 


American Metal Climax, Inc. 
1270 Avenue of the Americas 
Rockefeller Center, New York 20, N. Y. 


[JAMSULF 


(Publication C-16) (Publication C-17) 


Yes ...I would like 
to know more about 
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Multipoint Recorder 


The “Honeywell Universal Model 
15 Electronik Recorder” is arranged 
sO measurements can be switched 
from two points to any number up to 
24, merely by changing a plug con- 
nection and twirling a printing wheel. 
In this way, the temperature at any 
one of two dozen locations can be 
spot checked, or recorded for any 
desired length of time to verify its 
uniformity or discover any drift. Chart 
ranges and scales can also be adjusted 
to specific needs. These universal 
models also measure, interchangeably, 
potentiometer circuits or resistance 
thermometers. Minneapolis-Honeywell 
Regulator Co. 

For further information circle No. 1465 
on literature request card, p. 48A and B. 


Hot Hardness Tester 

Vacuum Specialties Co. offers a self- 
contained unit for making single or 
multiple hardness tests at tempera- 
tures up to 2850°F. and vacuums 
down to 10° mm. Hg. The view 
shows the chamber in the raised posi- 
tion, exposing the tantalum resistor for 
heating the sample. The cylindrical 
heat shield (split longitudinally, one 
half standing at the side) is a series 
of tantalum and stainless steel sheets. 


The sample to be tested rests on the 
round molybdenum base, shown just 
above the bench-top. The indenter is 
a sapphire point on a molybdenum rod 
with a 2-kg. weight. This assembly is 
mounted on a cross feed table with 
micrometer adjustments, operated 
from outside the vacuum chamber, so 
a great many closely spaced indenta- 
tions can be made on the sample with- 
out losing temperature or vacuum in 
the container. 

For further information circle No. 1466 
on literature request card, p. 48A and B. 


Platinum-Clad Ware 


Platinum ware has been used for 
generations by laboratory men when 
handling violently corrosive solutions 


MAY 1960 


SPECIALIZED WELDED FABRICATIONS 


OUR EXPERIENCED 
FIELD SERVICE ENGINEERS 
EXPEDITE YOUR "SPECIALS” 


Rolock experts in welded alloy fabrication are ready to go anywhere at any time to aid 
in designi quip t to meet special service requirements. Rolock service is based ona 
well-rounded coordination of experienced design and supervisory engineering, extensive 
modern manufacturing facilities, inspection and test equipment. 

Alternatively, send us an outline of your requirements for our recommendations or for 
quotations to your specifications. 


Special INCONEL High 
Temperature Vacuum 
Retort approximately 2 ft. 
in diameter by 8 ft. high. 


VACUUM 
RETORTS 


We hove the facilities and experienced personnel 
to handle your requirements in special vacuum 
retorts welded-fabricated from Nickel, Inconel, or 
other special alloys. Rolock assures experienced 
engineering supervision and production in a 
modern plant fully equipped for inspection and 
testing as well as fabrication. 


FABRICATED ALLOY 
HIGH VACUUM 
FURNACE BELLS AND BASES 


Mustration shows one of many 
special large fabrications typical 
of this type of equipment made 
by Rolock. This bell is of %” In- 
conel and, together with its base, 
incorporates a number of unusual 
features. Rolock is equipped to 
build and test such equipment to 
customer's exact specifications. 


WELDED-FABRICATED 

INCONEL 
SPECIAL TUBING 
AND FLANGES 


IWustrated are typical special tubing — J 
and flange forms fabricated by Rolock 

to customer's specifications. Special ee. 
equipment and skills required for this aa 
type of work are available at Rolock, 

together with engineering assistance 

when required. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 
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99.7% 
Pure Al2O3 
Furnace & 
Protection 
Tubes 


impervious 
Recrystallized Alumina 
for temperatures to 1950°C—3542°F 


Do you need an impervious tube with the follow- 
ing properties? 

High purity alumina 

High electrical resistivity 

High thermal conductivity 

Inert in hydrogen & carbonaceous atmospheres 
No binders added 

For temperatures to 1950°C—3542°F 


Investigate Morganite’s Triangle RR Impervious 
Recrystallized Alumina Ware available in— 


TUBES (Furnace & Pyrometer Protection Tubes) 
@ Open both ends or closed one end 
e@ Sizes from 3/16” to 4%” inside diameter 
e Lengths to 36” (1%”—4%” |.D. up to 48”) 


INSULATORS (For plat- CRUCIBLES(Thin-walled) 
inum, platinum-rhodium Wide selection of sizes 
thermocouples) in three styles. 


e@ Single bore round e “A” shape 
@ Double bore round @ Conical shape 
@ Double bore oval e@ Cylindrical shape 


Call or write for illustrated catalog today. 


INCORPORATED 
3300 48th Avenue, Long Island City 1, New York 
Telephone: STillwell 4-3222 


Manufacturers of Fine Carbon Graghite Products including Carbon 
Specialties. Motor and Generator Brushes, Current Collectors, etc. 
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Industry’s 


NEWEST 
Production 
TOOL 


MOLYKOTE 
ds 


LUBRICANT 


@ ALMOST 100% SAFETY AGAINST GALLING 
AND SEIZING WITH ALL BEARING METAL 
COMBINATIONS 


@ ELIMINATES STICK-SLIP, METAL PICK-UP 
AND DISTORTION IN PRESS FITTING 


@ REDUCES WEAR-IN TIME AND DAMAGE IN 
NEW OR REBUILT MACHINERY 


@ THE HIGHER THE LOADS, THE GREATER THE 
MARGIN OF SUPERIORITY OF MOLYKOTE G 


Write for your free sample of MOLYKOTE G LUBRICANT 
today. We will also send you a copy of our new Bulletin 
126 which gives complete deta:ls. THE ALPHA MOLYKOTE 
CORPORATION, 65 Harvard Avenue. Stamford, Conn. 
Phone Fireside 83724. Plants in Stamford, Conn, 
Munich, Germany and Strasbourg. France. 


| THE ALPHA-MOLYKOTE CORP. 
65 Harvard Ave., Stamford, Conn. 
Please send me a free sample of your MOLYKOTE G 
Lubricant. 


| Name 


| company. 


| avoress. 
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COLLOIDAL DISPERSIONS 


make jobs easier, smoother, better 


and many other 
industrial applications 


of 
e problems 
the Pp ressures 


GRAFO answers 
AFO Colloidal 


| or Aicohol Disper- 


Send for booklet 
“The Biggest Ounce of Protection.” 


GRAFO COLLOIDS Corporation 
279 Wilkes Place, Sharon, Pa. 
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or abrasions. \ DING 
Graphite Dispersions in your forg- =e 
ing operations, or for better metal ‘ 
flow in extruding or die casting. d : 
GRAFO prevents sticking 
There’s @ GRAFO water, Oi 
: sion for every industrial need. 


SERVICE 


A MAJOR 
BREAK-THROUGH 
IN MODERN 
RESEARCH 
TOOLS 


FEATURING 

A MACHINE 

THAT FINDS 
INFORMATION 


Write for 
complete details: 


ASM 


DOCUMENTATION 
SERVICE 


Metals Park, 
Dept. P5 
NOVELTY, OHIO 


or making high-temperature ignitions. However, the pure 
metal is not very strong or stiff, it is costly, and it has a 
tendency to stick to light fingers. Fisher Scientific Co. is 
now producing such ware of tri-metal, wherein a 0.033-in. 
sheet of stainless steel is metallurgically bonded on both 
faces to 0.002 in. of platinum. Edges are protected by 
rolled-over platinum cladding. Cost is about one-third of 
solid platinum, and the new ware can be used at tempera- 
tures up to 1000° F. 

For further information circle No. 1467 

on literature request card, p. 48A and B. 


Production Equipment 
Long Sintering Furnace 
Freeport Nickel Co.’s 
Louisiana plant needed 
a furnace to sinter 8800 
Ib. per hr. of nickel 
briquettes. Drever Co. 
figured that the furnace 
would need to be 156 ft. 
long and 10 ft. wide. 
There seemed to be no 
reason for housing any 
part of it except the 
loading and discharging 
ends. It is heated by natural gas in radiant tubes, and is 
gas tight for controlled atmosphere. The briquettes are 
carried through heating, sintering and cooling zones on a 
continuous mesh belt, resting on driven rollers. One 
panel board at the charging end controls all operations. 
For further information circle No. 1468 
on literature request card, p. 48A and B. 


X-Ray Thickness Gage 
Westinghouse Electric Corp. has installed an X-ray gage 

for controlling thickness of aluminum foil as it is rolled on 
a 4-high cold mill. The gage operates as the foil passes 
from the rolls to the take-up reel and feeds a signal to the 
control when the thickness deviates from that desired. 
This control adjusts the or of the rolls, and thereby 
influences the coefficient of friction between foil and rolls, 
as well as the strip tension. This system can control the 
accuracy of 0.00035-in. foil aluminum (rolled in doubles) 
to within 1.5%. 

For further information circle No. 1469 

on literature request card, p. 48A and B. 


Strip Mill Without Housings 

A nine-stand strip mill only 10 ft. long for 32-in. alumi- 
num or steel strip is shown in the view. Speed may be 
1000 ft. per min. Instead of using housings to hold the 
roll necks and bearings, the bearing blocks are pulled 
together by hydraulic cylinders placed in the unit's base. 
While the hydraulic loading determines the pinch each 
set of rolls exerts on the strip, the gap can be increased 
as desired by synchronized screws. Rapid opening, for 
threading a new strip or for clearing the rolls, is done by 
hydraulic action. Production Engineering Co. 


For further 
information 
circle No. 1470, 
on literature 
request card, 
p. 48A and B. 
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It is no longer necessary for you to buy and 
vse general purpose metal abrasives on the 
basis of claims made by its manufacturers of its 
performance in other plants. 


Now you can have “Malleabrasive” shot or grit 
formulated to fit the needs of your own 
particular product, cleaning equipment 

and operating conditions. 
The flexibility of our process of making 
“Malleabrasive”—and it’s ours exclusively . . . 


_ new techniques and specialized equipment new to 


x 


If you are interested in pin- 
pointing maximum cleaning 
efficiency and lowest 
blast-cleaning costs in your 
own plant, “Malleabrasive’~ 
tailor made for you—will do 

both. Write for full information. 


THE GLOBE STEEL ABRASIVE CO, 


Manstieid, Ghie 


Seld by many leading distributors of foundry 
Supplies from coast to coast. 
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the metal abrasive industry enable us to make 
the type of “Malleabrasive” that 
will do your cleaning job best. 
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In Quantity...On Time... 


REPUBLIC 
VACUUM-MELTED METALS 


Now produced in up to 20,000-pound heats! 


For applications where reliability is of major im- 
portance, Republic offers vacuum- melted metals 
in ingots, billets, sheets, bar, strip, and wire. 


The most extensive facilities ever assembled 
permit rapid delivery of vacuum-melted metals 
in quantity and in a wider range of sizes and 
conditions than ever before possible. Republic 
is producing vacuum-melted ingots weighing 
from 4,000 to 20,000 pounds in 18- to 32-inch 
diameters. Metals available include: super alloy 
steels, constructional alloy steels, high strength 
alloy steels, bearing steels, special carbon steels, 
stainless steels, and titanium. 


Republic uses the consumable electrode vacuum- 
melting process. Metals thus produced offer 


higher mechanical properties—ductility, tensile 
strength, and fatigue life. Non-metallic inclu- 
sions are reduced in number and size. Testing, 
certification, job setup, and production costs 
are reduced. 

Our metallurgists and engineers are available 
to help you select, apply, and process the vacuum- 
melted metal best suited to your requirements. 
For complete information, contact your nearest 
Republic sales office today or return the coupon. 


Super Alloy Steels « Constructional Alloy Steels + 
High Strength Alloy Steels +» Bearing Steels + Stain- 
less Steels «+ Titanium + Special Carbon Steels. 


BILLETS— Republic's 3000-ton forging press con- 
verts vacuum-melted metals to large billets that 
are ideal for forged parts manufacture. Segre- 
gations associated with dendrite freezing are 
greatly reduced by the consumable electrode 
process and further alleviated by the greater hot 
work reduction ratios permitted by large ingots. 


REPUBLIC STEEL 


WHERE STEELS ARE MADE 
TO MEET THE CHALLENGE OF ACCELERATION 
Circle 1758 on Page 48-A 


BARS—Vacuum-melted metals are converted into 


close-tolerance squares, rounds, hexes, and many 
other shapes on Republic bar mills. Virtually any 
size can be produced—from Y%” to 10” rounds 
and equivalent footweight sections. These bars 
offer improved ductility, tensile strength, fatigue 
life, and resistance to scaling. 


SHEETS — Vacuu Ited stainl titanium, and 


super alloy steels are converted to light gage 
sheet and strip on Republic's Sendzimir mills. 
Large coils up to 48” (36” maximum on titanium) 
wide are produced to close tolerances with excel- 
lent finishes and strength-to-weight ratios. Sheets 
up to 72” wide can be produced on hand mills. 


REPUBLIC STEEL CORPORATION 
DEPT. MP .9240 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
O Please send more information on 
Republic Vacuum-Melted Metals 
O Have a metallurgist call 


Name. Title 
Company. 

Address. 

City. Zone State 
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COSTING YOU? 


The quenching stage of your heat-treating process is the point 
which determines . . . (1) the final quality of your product... 
(2) the amount of time and material wasted by below-standard 
rejects ... and (3) your ultimate operating costs. 

You can protect yourself against needless production losses by 
installing a B & G Self-Contained Hydro-Flo Oil Cooler. This 
unit will provide the accurate control of conditions in the quench 
tank which assures uniform quality in the finished product. 

The generous heat transfer surface in B & G Self-Contained 
Hydro-Flo Oil Coolers provides large capacities in comparatively 
small, compact units. They are completely factory assembled, 
ready for immediate installation and operation. 

Tell us about your quenching problems—we'll be glad to offer 
engineering counsel and recommendations. 


Completely Self-Contained Units 


B&G Hydro-Flo Self-Contained Oil Coolers com- 
bine Coolers, Motors, Strainers and all controls 
into single, integrated, easily installed “packages”. 
Fully automatic, they keep oil temperature at the 
desired degree through all stages of the quench. 
Your only responsibility is to connect to the quench 
tank and water lines. 

B&G Oil Cooling Systems may also be pur- 
chased as component parts for assembly on the job. 


Thi bined Catal: i 

Self-Contai i 

Oil Coolers. Send for SY STE 


Reg. U.S. Pat. Off. BELL & GOSSETT COMPANY 
Dept. GE-16, Morton Grove, Illinois 
Canadian Licensee: S. A. Armstrong Ltd., 1400 O'Connor Drive, Toronto 16 
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New rear dump hauls 15% more payload — suit entirely from USS “T-? Steel. This 


Athey PR 619 T-line trailer hauls 25 tons but weighs only 19,260 pounds. One man can move more tons 


of material, less fuel is consumed when running empty, and the machine has a faster cycle. The big im- 
provement in performance starts with the use of USS ‘““T-1” Steel throughout. This “strong boy” of metals 
cuts dead weight, substitutes 15% extra payload. Tougher, it defies relentless abuse, adds life. USS ‘*T-1” 
Constructional Alloy Steel has a minimum yield strength of 100,000 psi. It is weldable and has high resist- 
ance to impact abrasion and corrosion. What’s more, it retains its toughness at temperatures even down to 
50 beiuw zero. This combination of properties permits design for maximum weight savings coupled with 
ability to take abuse. In addition to ‘“T-1” Steel, United States Steel makes other brands of steels for a 
wide variety of applications: USS Cor-Ten, USS Man-TEN and USS Tri-Ten with a 50,000 psi minimum 


yield point, in addition to a complete range of carbon and stainless steels. 
USS, “T-I"", COR-TEN, MAN-TEN and TRI-TEN are registered trademarks 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Stee! — San Francisco 

National Tube — Pittsburgh 

Tennessee Coal & iron—Fairfield, Alabama 

United States Steel Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 


: 
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Nose cone being removed from Wyman-Gordon-U.S.A.F. forging press. 


Precision Forging of ATLAS Nose Cones 


When you need a large, custom-engineered die block, 
think of U. S. Steel first. Take this 40-ton die block 
shown in the final stage of forging on our 10,000-ton 
press. Designed by Wyman-Gordon for production of 
copper nose cones by closed die forging, this job re- 
ceived the personal attention of our metallurgists, 
forgers, and machinists from start to finish. 


To obtain the correct hardness, our metallurgists 
chose a CrMoV alloy. An 85-ton electric furnace 
heat was then “vacuum-cast” into a 72” diameter 
ingot to produce the best internal quality possible. 
Under the careful supervision of our forge team, the 
ingot rapidly assumed the final contours. As you can 
see, the die impression was “‘forged-in” with a special 
cupping tool for maximum toughness. 

This die block was then subjected to a series of 
heat treatments and machining operations, closely 
coordinated between heat-treater and machinist, 
to produce maximum performance at the Wyman- 
Gordon-U.S.A.F. Plant. Final inspection of the rough 
machined block included hardness and ultrasonic 
testing as well as a close check of dimensions. 


In addition to large die blocks such as this one, 
U. S. Steel makes many types of forgings—all by a 
team of experts. Let them handle your next order. 
You'll be assured of a high quality product, specifi- 
cally engineered for your particular application. 

USS is a registered trademark 


United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Stee|—San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Inspection of copper nose cones at Wyman-Gordon-U.S.A.F. Plant. 
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THE LATEST SOVIET RESEARCH —— IN TRANSLATION 


LIQUID-METAL HEAT TRANSFER MEDIA 


by S. S. Kutateladze, V. M. Borishanskii, 
I. 1. Novikov and O. S. Fedynskii 


This informative volume is devoted to the problems of utilizing 
liquid-metal heat transfer media in nuclear power. Data on the study 
of heat removal by liquid metals, obtained during the past ten years 
in the USSR as well as abroad, in connection with problems of nuclear 
power are both systematized and generalized in this work. The book 
will be of considerable assistance to scientific workers and engineers 
in the field of reactor design and nuclear power and in other fields of 
technology where liquid-metal coolants can be utilized. 


cloth 150 pp. illus. $22.50 


SILICON AND ITS BINARY SYSTEM 
by A. S. Berezhnoi 


Data accumulated on the physical chemistry of silicon and its binary systems are crit- 
ically reviewed. The properties and descriptions of the crystal structures of silicon and all its 
binary compounds known at present are given in detail and the most important ways of 
using these substances in practical applications are indicated. Silicon carbide is treated in 
detail, as are silicon compounds of the transition metals. All sections have been provided 
with a historical outline and the basic literature is cited with each problem considered. This 
book is intended for chemists, silicate technologists, metallurgists, geochemists, petrograph- 
ers, mineralogists, and those engaged in ceramic research. 

cloth 256 pp. $8.50 


CORROSION OF CHEMICAL APPARATUS 
by G. L. Shvartz and M. M. Kristal 


“.. the book is concerned with stress corrosion cracking and intercrystalline corro- 
sion, especially in connection with process equipment ...a judicious mixture of facts, prac- 
tice, and theory . . . It contains a good deal of Shvartz’s own work, and, indeed, is useful for 
the many pertinent Soviet references . .. collects in one place much of the current Soviet 
thinking in this field ... the chapter on methods of testing and the one on methods of retard- 
ation are particularly effective . . . Not only do they contain more detail than is usually found 
in such books, but they are clear and concise, and should prove useful to the practicing corro- 
sion engineer...” —Chemical & Engineering News 


cloth 250 pp. $7.50 


DENDRITIC CRYSTALLIZATION 
by D. D. Saratovkin 


“Translated from Russian, this 2nd edition has been revised to include fresh material 
derived from observations under the stereoscopic microscope. The bulk of this volume con- 
tains many original and unpublished ideas and observations, and is an example of the mod- 
ern microscopic approach to the crystalline state by an experienced worker concerned with 
the infinite variety of real crystals. Line diagrams and sets of stereoscopic photographs are 
included.” —Journal of Metals 


cloth 126 pp. illus. $6.00 


CONSULTANTS BUREAU ENTERPRISES, INC. 
227 West 17th Street, New York 11, N.Y. 
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HAYNES 
Alloys 


Bignt times the life in wet chlorine! Most economical 
for handling iodine vapors at temperatures above 

800 deg. F.! These are typical of the results HAYNES 
corrosion-resistant alloys are producing in chemical 
processing plants. 

Parts made of these alloys have shown remarkable 
resistance to the halogens—fluorine, chlorine, bromine, 
and iodine. Haynes alloys are continually proving 
they also resist mineral acids, hot acid mixtures, chlorides, 
and countless other corrosive media under plant 
operating conditions. 

Can they solve your problems? Why not test them and 
find out for sure. We'll be glad to send you samples. 

But to narrow down the number, we suggest you send us a 
letter outlining the corrosion conditions in your plant. 

For full information on our alloys, their properties, forms, 
the corrosives they will resist, ask for a copy of 

our 104-page book. 


ALLOYS 
HAYNES STELLITE COMPANY 


Division of 
Union Carbide Corporation 
Kokomo, Indiana 


The terms “Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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HAYES TYPE M-Y HIGH-TEMPER- 
ATURE FURNACES... provide 
uniform heating for sintering 
ceramics, cermets and refractory 
metals at temperatures over 
3000°F. Economical — can be 
used with reducing atmospheres 
for close-control research or full- 
scale production. 


HAYES TYPE BA-M PUSHER 
“Pilot Plant’’ FURNACES... 
inexpensive, for controlled 
atmospheres, straight-through 
design, controlled tempera- 
ture cooling chambers. Man- 
val or automatic operation to 


2150°F for sintering powder 
metal compacts. 


HAYES TYPE BA HIGH-PRO- 
DUCTION PUSHER FUR- 
NACES. . . . wide-temperature- 
range furnaces designed for 
special sintering applications 
to 2350°F. Used with varied 
atmospheres... available 
with automatic, electro- 
hydraulic pusher system to 
maintain constant time/tem- 
perature cycles for batch or 
production. Good for stain- 
HAYES CONVEYOR FURNACES Types LAC (Straight ies ond BAC less steel. 
(Humpback®—Patented) . . belt furnaces for conti 

uniform sintering of bres, bronze or iron ay og to 2100° F. 
Available with zone temperature control ... burn-off sections. For 
stainless steel work, etc. 


HAYES ATMOSPHERE EQUIP- 
MENT . . . Ammonia Dissocia- 
tor (shown). Also a complete 
line of exothermic and endo- 
thermic generators, Molecu- 
dryers for drying protective 
atmospheres to —100°F D. P. 


HAYES MODEL HT/HV VACUUM 
FURNACES... high vacuum (0.1 
micron), high temperature 
(3000°F plus) units for sintering 
special refractory metals — tita- 
nium, tungsten, zirconium, etc. 
Cold wall design. Low voltage 
elements. High-speed heating and 
cooling cycles. 


sintering 


Hayes offers you the Right Furnace . . . and the Right Atmosphere for 
specialty or production sintering 


Results Guaranteed ! Hayes has the atmosphere or vacuum furnace to suit your require- 
ments for sintering ferrous, non-ferrous, or refractory metals; stainless steel compacts; or 
cermets. Also, a complete line of controlled atmosphere equipment to assure you optimum 
results at lowest cost. Mail the coupon today for complete data on the Hayes sintering 
equipment you need . . . or for any allied products in Hayes world-famous CERTAIN 


CURTAIN electric furnace line. 


Please send me complete data on sintering equip- 

ment suitable for: 

(D) Ferrous or Non-Ferrous ( Ceramics or Refractory 
Compacts Metals 

oO Stainless Steel OD At phere Equip t 

(] Specialty Sintering (you name it): 


HAYES 


802 WELLINGTON AVE. . 


ELECTRIC, 


CRANSTON 10, R. 
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Ferrous Metals 


1476. Cold Finished Bars 

New folder has been issued by Bliss 
& Laughlin detailing the advantages 
realized in production of me from bars 
of superior “Lusterized Finish.” 


1477. Nickel Alloy Steels 


Buyers guide (28-p. booklet) lists steel 
service centers and their normal stocks. 
International Nickel Co. 


1478. Round Edge Steel 
Its advantages in production of steel 
roducts, its sizes and finishes available 
~s Caine Steel Co. set forth in 10-p. 
et. 


1479. Steel Bars 

Complete story about “Fatigue-Proof” 
steel rs told in 24-p. booklet—bars 
“warm drawn”. La Salle Steel Co. 


1480. Strong Stainless 

Technical booklet “AM 350 and AM 
355” gives the properties and fabrication 
behavior of these two precipitation hard- 
ening stainless steels serviceable to 
1000° F. and higher. Allegheny Ludlum 


1481. Columbium 


Information available from Vanadium 
Corp. of America on ferro columbium 
(both regular ferro alloy and exothermic) 
with specially high Cb. 


Nonferrous Metals 


1482. Aluminum Bronzes 

20-p. bulletin by —— Metal gives 
properties of nine grades having good 
resistance to wear, abrasion, fatigue, and 
corrosion. 


1483. Indium 

Bulletin HP-100 presents facts about 
three commercial grades of high-purity 
indium ingot, and applications of the 
metal, principally for bearings, electrical 
uses and fusible alloys. High Purity 
Metals, Inc. 


1484. Hi-Tensile Al Alloy 

March-April number of “Lavingot News 
and Views” reports on properties and 
foundry practices of five varieties of ZC81 
A and B giving minimum strength of 
30,000 psi. R. Lavin & Sons, Inc. 


1485. Hollow Al Bars 


8-p. brochure lists sizes, tolerances, and 
ssatheadeal properties of hollow Al bars, 
round or hex. 2 to 4 in. O.D. and \-in. 
wall made by Harvey Aluminum. 


1486. Magnesium 

Brooks & Perkins publishes a quarterly 
“Magazine of Magnesium” which 
considers applications and fabrications of 
Al, Ti and Boral (a uniform dispersion 
of boron carbide in Al). 


1487. Molybdenum 

Looseleaf specifications for mill prod- 
ucts in unalloyed Mo and in 0.5% Ti alloy 
(billets, bars, plates and sheets) give 
analyses, properties, dimensions 
finishes. Universal-Cyclops Steel Corp. 


MAY 1960 


1475. Modern Heat 
Treatment 
Bulletin 591, 20-p. in color, 
illustrates and briefly describes 14 
varieties of modern heat treating 
furnaces especially designed for 
low-cost, high-production heat 
treatment of steel and non-ferrous 
strip, wire, rod, tube and other 


mill shapes, and the heat treat- 
ment of quality parts in controlled 
atmosphere. Most of them have 
associated equipment for quench- 
ing or cooling at a regulated rate. 
The Electric Furnace Co. 


1488. Self-Aging Al Alloy 

Bulletin 103 by Federated Metals Div. 
of A.S.&R. Co. describes “Tenzaloy,” a 
self-aging Al alloy with good casting 
properties and finishing qualities. 


1489. Manganese 
Electro-Manganese, metal free of car- 
bon, silicon, or other impurities undesire- 
able for deep-drawing steel sheet, pre- 
— in Bulletin 201 by Foote Mineral 
0. 


1490. Rare Earth Metals 

Bulletin “Rare Earth and Yttrium 
Metals” gives forms available, costs, and 
uses as scavengers and strengtheners. 
Lindsay Chemical Div. of American Pot- 
ash Corp. 


1491. Vacvum Metals 

48-p. booklet presents complete view of 
equipment for making high alloys. Haynes 
Stellite Co. 


1492. Ni-Plated Mo 

Information from Fansteel Metallurgical 
Corp. Ni improves solderability and 
workability without large electrical re- 
sistance or cost. 


Heat & Corrosion 
Resistant Materials 


1493. WI-52 

Properties of “Superalloy for S 
Age Castings” made by WaiMet 8 
Co. given in Brochure 362-T. ially 
stress-rupture tests at 1700 and 190° F. 


1494. Stainless Analyses 
Tabbed cardboard 8%xll-in. filing 


chart showing analyses of 58 — avail- 
able from Peter A. Frasse & Co. 


1495. Porous Stainless Sheet 
Release M-208A from Micro Metallic 
Div. of Pall Corp. describes method of 
making thin sheet of controlled porosity 
and its utilization in filters of various 
design. 
1496. Thermostat Metal 
Data sheet TRU-11 shows various as- 
semblies of multiple elements and 


methods of determining deflection and 
force. Metals & Controls Corp. 


1497. W-545 

Vacuum melted, high-temperature allo 
described in Westinghouse’s Technical 
Data 52-263. It is a complex precipitation- 
hardening iron-base alloy with high creep 
resistance up to 1350° F. 
1498. Ceramic Coatings 


“Rokide Coatings” is the name of a 
booklet issued by Norton Co. giving full 


details of spray process of protecting 
metal with Zr, Al, or Cr oxide, silicate 
or Mg aluminate. 
1499. Rene 41 

Cannon-Muskegon Corp.’s Technical 
Bulletin 86 gives high-temperature prop- 
erties of 36 x 96-in. sheets, 0.015 to 0.135 in. 


thick, and foil and wire down to 0.001 in. 


1500. Refractory Castables 

Bulletin R-35A gives information on 
castable refactories especially resistant to 
atmospheres high in CO or H. Babcock & 
Wilcox Co. 


Tool Materials 


1501. Saw Blades 
36-p. sawblade handbook and catalogue 


also discusses cutting problems frequently 
encountered. Ladish Co. 


1502. Wire Cutting Machine 

Details available from Mettler Machine 
Tool, Inc. about high-speed “unitized” 
wire straightening and cutting machines 
handling stock up to 0.18 diameter. 
1503. Multiple-Die Press 

Information available from E. W. Bliss 
Co. about Model 660 D and 6100 B presses 
which form as many as ten items per 
stroke of sheet metal. 


1504. Mo-Base Lubricant 

Named “Poxylube”. Brochure by Poly 
Chem, Inc., explains applications of two 
basic formulations (air ing and ther- 
mosetting) for metal ces. 
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ANHYDROUS CHROMIC CHLORIDE 


This newly available Anhydrous Chromic Chloride 
is in powder form, purple in color, odorless, with a 
specific gravity of 2.91. It is insoluble in water, but 
becomes soluble with the addition of CrCle or 
other reducing agents. 


CHROMIUM 
TRICHLORIDE 


Suggested uses: Chromium organics, chromizing, 
metallizing, gas or vapor plating, catalyst, mordant, 
manufacture of high-purity chromium metal. 


Diamond 
, Chemicals 


Circle 1767 on Page 48-A 


PROPERTIES: 


Specific Gravity....... 
Solubility in water........... Insoluble 


Solubility in water in presence of trace amount 
of CrClz2 or other reducing agent,...,....Very soluble 


In pilot plant quantities, 40% Basic Chromic Chloride 
which contains 28% chromium and is WATER SOLUBLE. 


ALSO AVAILABLE: 


| 


Mail this Coupon with your company tetternhead to: 4 
Diamond Alkali Company, Product Development Dept. 
Painesvilie, Onio 
Send: Anhydrous Chromic Chloride 
0 Data Sheet 0 sampie 
Water-Solubie Chromic Cnioride 
Data Sheet 0 Ssampie 


Name. Position. 


Firm. 


Address. 


City. 
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1505. Uncoilers 

Strip coils up to 6 in. wide and 40 in. 
dia. can be fed into forming machinery 
automatically, the power being furnished 
by the natural “spring” of the uncoiling 
stock. Literature from Durant Tool Co. 


1506. Abrasive Tumbling 
Information about round and triangular 
pins called ‘“Tumblex” which finish hard- 
to-reach areas or grooves in tumbling 
equipment available from Norton Co. 


1507. Metal Forming 

16-p. booklet catalogs three new hi 
conak forming machines holding all the 
advantages of radial draw, stretch and 
compression forming. Cyril Bath Co. 


1508. Cut-off Wheels 

Data available on line of cut-off wheels 
up to 26 in. dia. made of bonded Al,O, or 
SiC in various grain sizes and combina- 
tions from Simonds Worden White Co. 


1509. Die Steel 

Technical data sheet tells how to handle 
Latrobe Steel Co.’s new BR-3 die steel 
(28% C, 5.2% Cr, 45% V) for cold work 
ing dies. 
1510. Solid Lubricant 

4-p. bulletin gives advantages of Alpha 
Molykote for preventing galling, seizing 


and metal pickup under high pressure 
and temperature. Alpha-Molykote Corp. 


1511. Bending Machines 


16-p. catalog shows machines of capacity 
up to 16-in. pipe, 8-in. angles or 15 x 1%- 
in. bars wherein dies are moved by hy- 
draulic or pneumatic rams. Wallace Sup- 
plies Mfg. Co. 


1512. Home-Study Course 

Information on 15-lesson course “Princi- 
ples of ‘gy for home or in-plant 
training, from Metals Engineering Insti- 
tute. 


1513. Cut-Off Saw 

Catalog C-85 presents line of “Marvel” 
saws and blades with attachments for 
rapid and economical operation. Arm- 
strong-Blum Mfg. Co. 


1514. Graphite Dispersions 


Acheson Colloids Co. has issued Bul- 
letin 426 explaining the various uses in 
the metal working field—especially “Pro- 
dag” for spray lubricating dies for forging 
brass and bronze. 


Industrial 
Heating Equipment 


1515. Pyrometer Accessories 
Thermocouples, protection tubes, insu- 
lators, mounts, extension wires and other 
acne described in Bristol Co.’s cata- 
og. 
1516. Vacuum Sintering 
Bulletin 4510 explains details of a 
sintering furnace operating at tempera- 
tures up to °F. and pressures down 
to 0.01 micron. Kinney Vacuum Division 
of New York Air Brake Co. 


1517. Quenching Systems 

Combined catalog and selection manual 
for quenching oil coolers. Completely 
self-contained units with motors, strain- 
ers and all controls. Bell & Gossett Co. 


1518. Vacuum Furnaces 

Economical heat treating in a vacuum 
demands furnaces adapted to the material, 
size of part, and production requirements. 
These are discussed in Bulletins 5709 A 
and B by C. I. Hayes, Inc. 


1519. Oil Burner 

Vortex burner which produces a short 
intense flame even on residual fuel oil 
is detailed in Bulletin II] by Thermal 
Research & Engineering Corp. 


MAY 1960 


1520. Gas Furnaces 

New catalog of entire line of equipment 
and accessories now available from 
American Gas Furnace Co. 


1521. Billet Heaters 

Continuous conveyor type of furnaces 
for heating 2500 lb. of aluminum billets to 
1000° F. per hr. presented in Bulletin HT- 
53. The Carl Mayer Corp. 


1522. Self-Contained Oven 

Data sheet on stainless steel oven to op- 
erate up to 660° F. Calibrated thermostat 
prevents overheating of circulating at- 
mosphere beyond set point. The Electric 
Hotpack Co. 


1523. Atmosphere Analysis 

“Dewpointer Bulletin” available from 
Illinois Testing Laboratories, Inc, ex- 
plaining advantages of portable equip- 
ment for sampling and analyzing atmos- 
phere existing in any specific zone in a 
continuous furnace. 


1524. Controlled Quenching 

Bell & Gossett Co. has issued Catalog 
FR-853-A of the above title describing 
portable tanks complete with circulating 
devices, and “Perambulator” oil coolers. 


1525. Induction Heating 

An 8-p. booklet by Ajax Magnethermic 
Corp. briefly discusses billet heating, heat 
treatment, brazing, melting and sintering 
and requirements of the equipment for 
the respective operations. 


1526. Heat Treating Units 


Advantages of heat treating equipment 
made of sheet alloy—radiant tubes, re- 
torts, boxes, fixtures—presented in book- 
let by The Pressed Steel Co. 


1527. Induction Heaters 

Literature is available explaining the 
advantages of “TOCCOtron Radio Fre- 
quency” induction heating equipment. 
Power in various units from 5 to 60 kw. 
The Ohio Crankshaft Co. 


1528. Tubular Element Furnaces 

Harper Electric Furnace Corp. has 
issued bulletins describing line of mod- 
ernized furnaces using “Globar” tubular 
elements and operating up to 3000° F., 
and graphite elements, operating up to 
5000° F. Heating chambers are 2 in. inside 
diameter and up to 36 in. long. 


1529. 5000° F. Furnace 

“Pereco” tube furnace, heated by car- 
bon-resistors described in bulletin by 
Pereny Equipment Co., Inc. 


1530. Pit-Type Vacuum Furnaces 

Furnaces enclosing pressing dies for 
compacting billets under vacuum or con- 
trolled atmosphere and operating as high 
as 2000° F., illustrated in Bulletin 557 by 
Hevi-Duty Electric Co. 


1531. Dewpoint Control 
“Dewtronik” and “Carbotronik” equip- 
ment for regulating the carbon potential 
of furnace atmospheres are described in 
Bulletin DC-58 by Ipsen Industries. 


1532. Gas Burners 


Catalog sheet, detailing facts about 
“Buzzer” series of improved and simpli- 
fied venturi burners with capacity rang- 
ing from 200,000 to 1,000,000 Btu. per hr. 
available from Charles A. Hones, es, 


1533. Nonferrous Treatment 

Vol. II, No. 1, of “Heat Treat Review”, 
ublished by Surface Combustion is 
argely occupied by an article on equip- 
ment and methods for heat treating non- 
ferrous metals in prepared atmosphere. 


1534. High-Temp. Furnaces 
Operating and design data available 
from C. I. Hayes, Inc., on type M-Y fur- 
nace with Mo windings, atmosphere locks 
ray mechanisms. Can be run up 


HARDENING + BRAZING 
SOLDERING + FORGING + ANNEALING 
MELTING + SINTERING * WELDING 


REFINING * SHRINK FITTIN( 
CRYSTAL GROWING 


HEATING 


© Over 15,000 heating 


tions resolved in our customer 


INDUCTION HEATING CORP. 
181 WYTHE AVE., BROOKLYN 11, N. Y. 


Circle 1764 on Page 48-A 


37-D 


lie 
ELECTRONIC LOW 4 
and know-how qualify us to 
prescribe the techniques and 
: equipment best suited for your 
; Contact our fa tory or you 
exclusive features, 


here’s 


JT 


Our many years of experience in custom rolling “hard Unalloyed Titanium Nickel Base Alloys 
to handle” metals is matched by the most modern 


physical equipment for the work. Your specifica- Reactor Grade Zirconium Cupro-Nickel 


tions for finished strip—in coils or cut lengths —are Zircaloy II Copper 
ie met to the letter, with all orders processed by trained Zircaloy {11 Beryllium Copper 
1 metallurgical personnel. @ The Superior way is your 
| way. Write us! Pure Nickel Boron Stainless Steel i 


SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweld Stee! International Company, New York 
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1535. Bright Annealing of Stainless 

As performed at Trent Tube Co. is the 
topic discussed in the current issue (Vol. 
19, No. 1) of “Metal Minutes”, published 
by Sunbeam Equipment Corp. 


1536. Diffusion Furnaces 


Twelve styles of tube furnaces, self con- 
tained in unit cabinets, operating up to 
2500° F., with uniformity of plus or minus 
10° at central portion presented in Bul- 
letin 1081 by Lindberg Engineering Co. 


1537. Gas-Fired Furnaces 

Ajax Electric Co., through acquisition 
of Barkling Fuel Engineering Co., now 
offers fuel fired, custom-built furnaces 
from small to large. Catalog 106A. 


1538. Thermocouple Connectors 
Foolproof plugs and jacks for connect- 
ing thermocouples to extension wires 
described in Specification FS 005-3 by 
Minneapolis-Honeywell Regulator Co. 


1539. Visual Indicators 

Wall placard shows relation of visible 
colors to temperature (eye pyrometry) 
and gives temperatures indicated by the 
numerous Tempilstiks, Tempil Pellets and 
Tempilag. 


1540. Heat Treating Oven 

Details on 5000-lb. capacity, top-loading 
oven for continuous operation up to 950° 
F. available from Young Brothers Co. 
Gas fired or electrically heated models. 


1541. Atmosphere Control 

Folder N-91-620 shows how Leeds & 
Northrup’s infrared analyzer equipment 
regulates gas analysis of generator and 
various zones in a heat treating furnace. 


1542. Long-Lived Trays 


Reprint of technical report “The Mech- 
anism of Thermal Fatigue” and its rela- 
tion to the life of heat treating grids, trays 
and fixtures is available from Electro- 
Alloys. 


1543. Quench Cooler 

“Aero” heat exchangers, for cooling 
quenching baths, a closed system free 
from dirt and scale, described in Bulletins 
120, 124 and 132 by Niagara Blower Co. 


1544. O-Free Nitrogen 

“Nitroneal” generator produces pure 
nitrogen from ammonia with any desired 
hydrogen from 0.5 to 25%. Specifications 
and catalog from Chemical Div. 


1545. Blowers 
Catalog 126 C lists and gives details of 
complete line of compact blowers with 
ae outside of casing. Spencer Tur- 
ine Co. 


1546. Travelling Furnace 
Bulletin 653 tells about a double-ended 
travelling box furnace doing the duty of 
bell-type bright annealer in a building 
_ low head room. Hevi-Duty Electric 
oO. 


1547. Tool Furnaces 

Engineering bulletin available from 
Waltz Furnace Co. on complete set-up for 
heat treating small tools, including pre- 
heat, high-heat and quench unit. 


1548. Long Mesh-Belt Furnace 
With either ribbon or SiC resistors, 

heavily insulated, for brazing, sintering or 

bright annealing. General Electric 


1549. High-Frequency Heating 

Lepel High Frequency Laboratories has 
issued a new catalog showing typical 
heating coils, electronic tube generators 
(1 to 100 kw.) and spark gap converters 
(2 to 30 kw.). 


1550. Belt Hearths 


Technical literature available about 
metal belts of various designs and 
strengths suitable for travelling hearths in 
continuous furnaces. Ashworth Bros. 


MAY 1960 


1551. Controlled Quench 

“Ajax Cataract Quench”, which dupli- 
cates cooling curve of any TTT program, 
is presented in Bulletin 700 by Ajax Elec- 
tric Co. 


1552. Gas Burners 

Catalog shows complete line of venturi- 
type “Buzzer” burners for heating fur- 
naces and cleaning baths. Charles A. 
Hones, Inc. 


Cleaning & Finishing 


1553. Finishing Barrel 

Small parts are efficiently deburred and 
cleaned in a little hexagonal tumbler so 
light a man can lift it out of its bearings 
and carry its contents to an unloading 
station. Bulletin S-90 on “Handee Slid- 
Abrader,” Chicago Wheel & Mfg. Co. 


1554. Cleaning & Burnishing 

“Clepo 12-K” is a white dust-free gran- 
ular compound, water soluble, which 
simultaneously cleans and burnishes steel, 
brass or copper rts while tumbling 
from 5 to 30 min. Information from Fre- 
erick Gumm Chemical Co., Inc. 


1555. Vapor Degreaser 

36-p. bulletin explains nature of “Nialk 
Trichlor” and its application whereby 
more parts can be cleaned per dollar cost 
of cleaner. Hooker Chemical Corp. 


1556. Aluminum Cleaners 

Mitchell-Bradford Chemical Co. has 
issued three descriptive bulletins on (a) 
a non-etching cleaner for aluminum, (b) 
a combined cleaner and etcher and (c) a 
solution to remove smut sometimes left 
on a cleaned and etched surface. 


1557. Barrel Finishing 
Barrel finishing of small parts prior to 
tin electroplating and hot dipping is de- 
— in Bulletin TPB-5 by Tumb-L- 
atic 


1558. Resistant Coatings 

Data sheet 45 from Wall Celmonoy 
Corp. describes “Nicrocoat”, a brush-on 
or dip solution, later fused into the sur- 
face at 1850° F., giving a bright, lustrous 
surface similar to Inconel. 


1559. Finishes on Silver 
Data sheet shows, step-by-step, how to 
produce various finishes (such as matte, 
dull satin, butler, and semi-mirror) on 
ae silver and high-Ag alloys. Lea Mfg 
0. 


1560. Ultrasonic Cleaning 

Flyers and folders available from In- 
dustrial Ultrasonics Corp. showing appli- 
cations, suggestions for rating various 
systems, and a system for self regulation 
called “Auto-Tune”. 


1561. Degreaser 


4-p. folder describes “Vibra-Degreaser” 
wherein small parts on a vibrating spiral 
elevator pass through solvent, rinse, vapor 
cleaner and dryer to unloading chute. 
Manpro Corp. 


1562. Steam Jet Cleaner 

Described in Bulletin MHYD from Pan- 
Tex Mfg. Corp. Portable and self con- 
tained it plugs into 3-phase plant circuit 
and provides steam for a gun cleaner 
(with or without detergents) or high- 
pressure hot or cold water. 


1563. Cleaning Concentrate 

Loose-leaf bulletin No. 100 describes 
four compounds formulated to prevent 
staining of metallic alloy parts while in 
process without interfering with subse- 
quent finishing or coloring. Rust-Lick, 
Inc. 


1564. Infrared Ovens 

20-p. bulletin RHC-959 gives complete 
information about operations, advantages, 
applications and standardized oven units. 
Fostoria Corp. 


Plating circuit contacts without 
dismantling electronic components. 


Quick Accurate Way to Plate: 


Semi-Conductors. 
Flexible Circuits. 


On site field repair of Electronic 
Computer Contacts. 


Speeds Production in: 


Automatic plating of Transistor Tabs. 
Gold-plating on Aluminum. 


No-flux soldering on Aluminum and 
Stainless Steel. 


Plate selected areas rapidly without 
disassembling components. Dalic Pro- 
cess accurately controls thickness of 
deposits. Produces quality plating. 


No Immersion Tanks. 
Mobile Equipment. 


Plating equipment can be moved to 
the job. Quick, easy to use with Dalic 
hand-stylus, power pack, and the Dalic 
plating solutions. Mechanized produc- 
tion can be devised, 


Write for Descriptive Brochure. 


SIFCO metacnemicat, Inc. 


935 East 63rd Street * Cleveland 3, Ohio 


A Subsidiary of 
The Steel Improvement & Forge Co, 


AGENTS 
MARLANE DEVELOPMENT CO. OHIO METACHEMICAL, INC. 
153 East 26th Street 2742 Second Street 
New York 10, Cuyahoge Falls, Ohio 
PIDDINGTON & ASSOCIATES LTD. 0 AVIATION CO. LTD. 
3219 East Foothill Bivd. 671 Lourentides Bivd. 
Posodenc, Colitornio Pont View, Montreal, Quebec 
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Anaconda Memo to Management 


Maybe zirconium coppers wire is your answer 


Looks like ordinary wire, but it’s new and rather special. Amzire°—zirconium 


copper, Cu 99.88%, Zr .12%—combines 4 high electrical conductivity (90 


to 95% IACS at room temperature) and strength retention at elevated 


( 
temperature A) in the aged condition. Tensile strength of zirconium copper 


cold worked 80% and aged is about 70,000 psi at 20 C—52,000 psi at 400 C in 


a short-time test. Naturally, it has attracted interest in the 


missile field. 


We just recently finished drawing a batch of .0179” wire for testing as a con- 


ductor in some missile components, and now know that even smaller diam- 


eters can be made. We also know it has excellent hot- and cold-working char- 


acteristics. But we don’t have all the answers yet—nor does anyone else. The 


reason we call it to your attention is that you may have a problem that won’t 


wait until we can Wit as a completely proven product. Possibly we could 


work together in finding the answer. Our Metallurgical Department and mills 


silicon alloy—or Chromium Copper-999—or Leaded Nickel Copper-831. All 
have a potential for special g electrical S applications. [xf 


If you are looking for metals to do new jobs—or to do 


are working with many copper alloys offering a variety of unusual property 


combinations. The answer might be Amzirec—or Cunisil-837, our copper-nickel- 


® 
present jobs better—tell us the combinations of prop- ' a 
erties you need. Call in your American Brass Com- ‘g ' 


pany representative or write: The American Brass 
Company, Waterbury 20, Conn. In Canada: Ana- 


COPPER + BRASS » BRONZE - NICKEL SILVER MILL PRODUCTS 


conda American Brass Ltd., New Toronto, Ont. Made by The American Brass Company 
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1565. Selective Plating 

Bulletin DM 201 gives specifications for 
several assemblages of anodes, solutions 
and accessories for repairing electroplates 
and selective electroplating of a wide 
variety of metals and alloys. Marlane 
Development Co. 


1566. Vibrator-Basket 

Data available from Circo Ultrasonic 
Corp. on stainless steel basket, on bottom 
of which is a sealed-in ultrasonic vibra- 
tor, useful in degreasers, or operations 
prior to plating. 


1567. Rust Inhibitor 

Bulletin 540A by Prufcoat Laboratories 
presents “Prufcoat Primastic,” especially 
recommended as a one-coat protector 
against marine exposure of all irons and 
steels, either bare, galvanized or tinned. 


1568. Solution Additive 

Data Sheet No. 549 (9 pages) describes 
gluconate additive to caustic soda etching 
solutions which prevents rock-like ac- 
cretions of hydrated alumina on tank and 
coils. Chas. Pfizer & Co. 


1569. Rust Preventive 

Information available from American 
Solder & Flux Co. about “Drygalv,” a 
suspension of Zn wder that can be 
brushed or spray on steel and dries 
rapidly in a tough film. 


1570 Vacuum Metallizing 

48-p. booklet explains’ metallizing 
(usually by Al) in a vacuum chamber 
and discusses various base, top and back- 
up coatings. Bee Chemical Co. 


1571. 


Chromate Conversion 
Coatings 

Including chemicals for clear coatings 
and brighteners, are reported in detail 
in booklet “Process Chemicals” by Allied 
Research Products, Inc. 


1572. Under-Paint Protection 
“Cryscoat” iron phosphate in 3-stage 

wash gives superior tough bond, steel to 

paint. Bulletin F-9475, Oakite Products 


1573. Trichlorethylene 

Bulletin 44-A presents 36 p. of informa- 
tion on basic degreasing cycles and a new 
grade (“Nialk”) which can be used for 
flushing and for cleaning. Hooker Chem- 
ical Corp. 


Welding and Joining 
Eauipment and Supplies 


1574. Portable Welders 

National Cylinder Gas has issued Bro- 
chure NH-179 on four different “Sure- 
weld” units, driven by gasoline engines, 
for either d.c. or a.c.-d.c. welding current. 
Other literature describes Series SGW- 
201 units designed for general mainte- 
nance and repairs. 


1575. Sheet Welder 


Hobart Bros. Co. presents a “Micro- 
Wire Welding” unit which feeds electrode 
material less than 0.045 in. dia. into an 
air-cooled CO, welding head. 


1576. Solder 


Flyer gives softening and melting tem- 
peratures of 30 commercial solders avail- 
able in acid core, rosin core, solid wire 
or sheet. Anchor Metal Co. 


1577. Head Protectors 

28-p. Catalog 36 by Sellstrom Mfg. Co. 
lists complete line of goggles, helmets, 
face shields and respirators. 


1578. D.C. Welder 


Complete specifications on model CP- 
3-VS welder which continuously adjusts 
voltage while operating and is especially 
suitable for “X-ray perfect MIG welds in 
very thin sheet” available from Miller 
Electric Mfg. Co. 


MAY 1960 


1579. Portable Spot Welders 


Weighs 24 lb. and is merely iuaged into 

115-v. a.c. source, and can be han and 

operated with one hand, leaving the other 

a to adjust the work. Metal & Thermit 
orp. 


1580. Resistance Welders 

32 special machines, some of them con- 
taining up to 74 welding guns, for rapid 
production of things like refrigerator cab- 
inets, automobile frames, motor shells, 
window sash, illustrated in Bulletin 8-413 
by Taylor-Winfield Corp. 


1581. Electrodes 

Seven data sheets cover as many “Sure- 
weld” a.c. and d.c. electrodes by National 
Cylinder Gas suitable for steel in various 
carbons, low to high. 


1582. Silver Brazing 

Bulletin 20, on silver brazing, includes 
details about alloys, heating methods, 
joint .y and production techniques. 
Handy & Harman 


1583. TIG Welder 


Specifications for Model BWC-300 MAP 
welder which removes the d.c. component 
and balances the wave through the com- 
plete operation from start to end avail- 
able from Miller Electric Mfg. Co. 


Inspection & Control 
Equipment & Supplies 


1584. Sheet Metal Tester 

In a new “TZB” machine for meas- 
wang ductility (drawability) of sheet 
metal by “cupping” test the punch is 
forced against the sample by a motor- 
ized hydraulic pump. Data from Adolph 
I. Buehler, Inc. 


1585. Spectrographs 
Publication entitled “Introduction to 


tical Emission Spectrochemical In- 
available from Baird-Atomic, 
Inc. 


1586. Indentation Testers 

Full line of equipment and accessories 
for hardness testing, manual, power and 
automatic, set forth in Catalog RT-58 by 
Wilson Mechanical Instrument Division 


1587. Microscopes 

Catalog describes complete line of 
metallurgical microscopes, camera attach- 
ments, micrometers, vacuum heating 
stages. Unitron Instrument Division 


1588. Testing Machine 

Full information available on “Elec- 
tomatic” testing machine with automatic 
program controller, strip chart recorder 
and eight testing ranges down to 0.5% of 
capacity. Tinius Olsen Testing Machine 
0. 


1589. Signalling Controller 

Catalog 51 from Thermo Electric Co., 
Inc., describes a controller assembly in 
a slide-out chassis taking only 56 sq. in. 
of space on a panel. Red and green signal 
lights. 
1590. Small Box Furnace 

Quick run-up to working temperature 
(2000°F. max.) and automatic prevention 
of overshoot is feature of “Stabil-Glow” 
furnaces. Details of construction available 
from Blue M Electric Co. 


1591. Air Gages 

The Sheffield Corp.'s 48-p. handbook on 
“Precision-aire Gaging” lists the tooling 
and gaging fixtures available and their 
use with column-type indicators and re- 
corders. (In general the clearance be- 
tween gage and measured rt is meas- 
ured by amount of air that leaks past.) 


1592. Thread Gaging 
A comprehensive catalog with the above 


KENTRALL 


HARDNESS 


TESTERS 
are 
Motorized 


By removing major test loads automatically, the new motorized 
Kentralls reduce operator error, increase reproducibility of test 
results, and raise the productive capacity of the machine—for the 


same price as hand operated testers. 


The motorized Kentralls are available in Combination Testers 
which provide both Regular and Superficial Rockwell Hardness 
Testing in a single machine. For those applications that do not 
require the additional range, Kentrall also makes single 
purpose testers for either Regular or Superficial testing alone. 


For complete information write for Bulletin CRS 6O 


KENTRAL 


THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Francisco 


Te16s 
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SCREWS AN 

ALL OTHER 
FURNACE 
PARTS 


SPECIAL 
PRODUCTS 


EUCINEERING owes Botior Corvice 
on HIGH TEMPERATURE TOOLING 


sasers “Custom Engineered” PRODUCTS FOR ALL HEAT 


— TREATING and OTHER HIGH TEMPERATURE OPERATIONS 
MEANS aie ENGINEERING MAKES THE DIFFERENCE 


The examples shown—and hundreds of others—have all given 
ACCOLOY- 
superior service. High integrity products are assured by component 
THE TRADEMARK OF LEADERSHIP ‘ 
IN HEAT AND CORROSION design, by use of proprietary casting technology, and in preferred 
RESISTANT ALLOY CASTINGS metallurgical structure in relation to service stresses. Production 


tility is assured by our unequalled background on high temperature 
TANT CASTINGS urility y q g g P 
HEAT RESIS mechanisms and in heat treating processes. 


ACCOLOY | GNGINEERING CASTING 


EL 
STAINLESS sie 1700 W. WASHINGTON, CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6.2568 
ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS —_| 
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title has been issued by Johnson Gage 
Co. It includes sections on proper gaging 
procedure, on detecting wear, and other 
technical matters. 


1593. Testing Machine 

Bulletin RF-10-59 concerns “Riehle-Los” 
machine for imposing fluctuating axial 
loads at 5 to 1000 cycles per min. Capac- 
ities range from 12,000 to 300,000 lb. Riehle 
Testing Machines 


1594. High-Temperature Furnace 
Data available on small furnace in five 
sizes with exposed heating elements along 
walls and door. Controlled temperatures 
from 300 to 2300° F. and circulating fan 
to operate up to 1875° F. L & L Mfg. Co. 


1595. Air Conditioning System 

16-p. brochure K-160 describes improved 
“Kathabar” system whereby air-dryin 
solutions are continuously regenerated. 
Surface Combustion 


1596. Test-Piece Heater 

W. C. Dillon & Co. has information on 
a heating cabinet readily mounted to 
surround test pieces in universal testing 
machines. 


1597. Pressure Transducer 

Leaflet 1626 from Consolidated Etectro- 
dynamics Corp. describes type 4-327, a 
small transducer insensitive to tempera- 
ture (—300 to +300°F.) and vibration, 
with range up to 5000 psi. 


1598. Remote Indicator 

Specifications available from Hays Corp. 
about a variety of equipment for register- 
ing pressure, draft, flow, temperature and 
liquid level at a distant point. 


1599. Plating Gage 


Flyer presents “Plategage,” self-con- 
tained battery-operated unit where two- 
pronged probe registers thickness of elec- 
troplate, paint, enamel or other non- 
metallic coating on a magnetic metal. 
Dyna-Empire, Inc. 


1600. Hole Gages 

Small folder on “Mike” hole gages, 
made by Lufkin Rule Co., describes probe 
with expanding contactors which meas- 
ures directly to 0.0001 in. at bottoms of 
holes 6 in. deep. 


1601. Photo-Electric Micrometer 

Has detector which registers the null 
point on a separate dial and then reads 
graduations from 0.0001 to 0.0015 in. De- 
tails from Engis Equipment Co. 


1602. Impact Machine 

It makes Izod, Charpy or tensile impact 
tests. Vee-shaped frame gives room for 
devices for heating or cooling the sample. 
Motorized hammer hoist, automatic check 
of swing back permits remote control. 
Brochure 561; Testing Machines, Inc. 


1603. Spectro-Photometer 

Specifications available from Baird- 
Atomic, Inc., on infra-red, double-beam 
machine and attachments with full range 
of wave lengths from 0.2 to 38 microns 
and able to scan the 2 to 16 microns range 
in 4 min. 
1604. Environmental Cabinet 

Has 19-in. cubical chamber, operates 
from —120 to +300°F. “Add-on” units 
adapt it for pressure, vacuum and humid- 
~ testing. Hudson Bay Div. of Labline, 
ne. 


1605. Polarizing Microscope 
“Polarstar series 2300” presented in 2. 
t 


brochure by American Optical Co. 
features a fixed polarizer and either a 
fixed, swing-in or rotatable analyzer and 
valuable optical and photographic attach- 
ments. 


1606. Radiography With Ir 190 
Budd Co.’s “Gamma Radiography” Bul- 
letin describes “Iriditron” unit, safe to 


handle on the job yet equivalent to a 260- 
kv. X-ray machine. 


MAY 1960 


1607. Thermocouple Adapter 

Bulletin 2A-1 shows how a spring- 
loaded adapter can convert a_ bayonet- 
type thermocouple into one with the de- 
sired length of bare sheath. Thermo Elec- 
tric Co., Inc. 


1608. Strain Gages 

Pamphlet on “Tatnall Metal Film 102” 
strain gages usable to 400°F., showing 
configurations (comb, rosette and min- 
iature) available. The Budd Co. 


1609. Optical Flatness 

The “Baker Surface Finish Interference 
Microscope” is described in an 8-p. book- 
let by Cooke, Troughton & Simms, where- 
by the quality of the surface can be 
assessed at a glance. 


1610. Testing Machine Accessories 
16-p. Bulletin RI-S-59 describes ex- 
tensometers for tests in vacuum or con- 
trolled atmospheres up to 4000° F., dual 
range extensometers for use at room 
temperature, and automatic strain rate 
controllers. Riehle Testing Machines 


1611. Borescopes 

Catalog of equipment for internal in- 
spection, bright view without distortion. 
Engelhard Industries 


1612. Stress-Strain Recorder 

“XY Electromatic,” described in Bul- 
letins 54 and 59, records strain in inches 
per inch. Scales and ranges changed by 
flip of a switch. Tinius Olsen Testing 
Machine Co. 


1613. Metallograph 

“Research” type of equipment readily 
nena from bright to dark field, 
polarized light or phase contrast. Catalog 
E-240, Bausch & Lomb Optical Co. 


1614. Thermocouples 
Thermocouple wires from 0.020 to 0.50 


in. OD, in wide variety of sheathing, de- 
scribed in Bulletin 1200-4 by Claude S. 
Gordon Co. 


1615. Sample-Polishing Methods 

“The AB Metal Digest” is a bi-monthly 
booklet published by Buehler Ltd., con- 
taining information on all methods of 
metallographic polishing and equipment 
therefor. 


1616. Radiography 

Illustrated booklet of case histories 
where radiography has raised efficiency 
in production. Ansco 


1617. Atmosphere Analyzer 

New indicator shows content of O., 
CO, CO, and CH, in furnace atmosphere, 
plus four other components as desired. 
Specifications from Perkin-Elmer Corp. 


Production & Casting 
Equipment & Supplies 


1618. Die Casting Machine 

Information is available on “DCMT 
MAC 99,” an inexpensive single-cycle 
die caster. Push button starts an auto- 
matic cycle. Safety devices, and die block 
cooler and cleaner are included. DCMT 
Sales Corp. 

1619. “Vacuum Reports” 

Is the name of a small magazine issued 
by Kinney Vacuum Div. of N.Y. Air 
Brake Co. The current issue, No. 3, fea- 
tures an article on precision die-cast parts 
for cameras. 

1620. Al Melting Furnace 


Information on Model RSHCH melting 
furnace, especially for Al die-casting 
machines, designed to minimize H pick- 
up. J. A. Kozma Co. 


1621. Dust Catchers 
28-p. “Freedom From Dust” gives full 


PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 


tube life extended up to 100%. In PSC tubes, precision-welded 


bends are of same metal and thickness as the 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


All Types Heat-Treat Units 


THE PRESSED STEEL CO. Wilkes-Bar 
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FOR THE MOST RAPID 
MOUNTING OF 
METALLURGICAL 
SAMPLES 


@ PUSH BUTTON CONTROLLED 
@ POWER OPERATED 


© SELF CONTAINED HYDRAULIC 
SYSTEM 


@ CONTROLLED MOLDING 
PRESSURE 


@ USE PREMOLDS OR POWDER 


@ BAKELITE OR TRANSOPTIC 
MOUNTS 


© PRODUCES 1", 1%", or 1%" 
MOUNTS 


@ BAYONET TYPE MOLDS 


@ THERMOSTATICALLY 
CONTROLLED HEATERS 


@ QUALITY COMPONENTS USED 


CONFORMS TO J.1.C. 
STANDARDS 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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particulars of six basic designs of filters 
or collectors for dry dust (up to 600°F.). 
Dracco Div. of Fuller Co. 


1623. Sand Rammers 

4-p. form 5216A from Ingersoll-Rand 
presents three new “sand wiper” rammers 
(hand operated) which double the num- 
ber of blows per minute with the same 
air consumption. 


1624. Graphite 

8-p. booklet on metallurgical uses of 
“Mexican” (natural amorphous) graphite, 
such as mold wash, refractory facings, 
innoculant for gray iron and alloying 
agent, available from U.S. Graphite Co. 


1625. Leak Detector 

Bulletin 1857 is a 4-p. brochure with 
conversion formulae and other informa- 
tion about mass spectrometers as leak 
detectors. Consolidated Electrodynamics 


1626. Coated Sand 

“Faskure” is a fast-curing, resin-coated 
sand for shell molds, available in several 
standard mixes. Literature available from 
Aurora Metal Co. 


1627. Vacuum Gage 

Model 751 gage and control with almost 
zero drift and designed to measure down 
to 10°” mm. /* directly is presented in 
literature by NRC Equipment Corp. 


1628. Oxygen Steelmaking 

Is the subject of No. 241 of “Jalmet 
Notes” published bi-monthly by Jones & 
Laughlin Steel Corp. 


1629. Melting Furnaces 

Hevi-Duty Electric Co.’s Bulletin 591 
shows 33 types of gas-fired furnaces (pot, 
crucible, chamber and reverberatory) for 
all types of nonferrous alloys. Capacities 
range from 100 to 60,000 Ib. 


1630. Tube Mills 

88-p. “Tube Mill Book” gives complete 
information on the wide variety of mills 
for electric welding ferrous or non- 
ferrous tubing from 0.25 to 26 in. dia. The 
Yoder Co. 


1631. Induction Melting 

Bulletin 70 by Inductotherm describes 
numerous innovations in induction fur- 
nace design and operation. 


1632. Super Refractories 

Is the title of a booklet by Carborundum 
which includes information on resistance 
to wear, either by fine particles in air 
blast or by direct sliding of solids. 


1633. Fe-Mn-Si 

4-p. folder F20093 shows how chromium 
in stainless-steel slags can be reduced up 
to 4% by proper use of Fe-Mn-Si. Union 
Carbide Metals Co. 


1634. Air Heater 

Bulletins 112 and 113 describe direct and 
indirect-fired heaters for cupola hot blast, 
recirculating ovens and drying. Thermal 
Research & Engineering Corp. 


1635. Vacuum Sintering 

Heraeus Induction Sintering Furnaces 
capable of operating at 5000°F. with coils 
from 7 to 20 in. dia. described in Bulletin 
4-25 by Consolidated Vacuum Corp. 


Parts, Forms, Shapes 


1636. Powder Metals 

Metal Powder Producers Assoc. has 
issued a loose-leaf book giving brief 
specifications of the metal powders avail- 
able from each of the 29 firms belonging 
to the association. 


1637. Metallic Mirrors 

Fabrite Metals Corp. has literature de- 
scribing quality and applications for 
“Ferrotypes,” “Press Plates,” or mirror- 
polished plates of spring-temper brass 
up to 6000 sq. in. 


MAY 1960 


1638. Flat Wire 

Technical Data Sheets 502 to 506 give 
information on ultra-fine flat wire, strip 
and foil of stainless, magnetic, high- 
temperature and reactive alloys. Precision 
Metals Div. of Hamilton Watch Co. 


1639. Aluminum Extrusions 

Folder presents information on equip- 
ment available for custom extruding up 
to 4 in. major dimension. Aluminum Ex- 
trusions, Inc. 


1640. Stainless Tubing 

Vol. II of “Metals for Precision and 
Performance,” printed by J. Bishop & Co. 
reprints 11 brief articles about important 
applications. 


1641. Aluminum Screws 

A wealth of information about standard 
and special screw fasteners is given in a 
48-p. booklet by Reynolds Metals Co. 


1642. Iron Powder 

Booklet ADV 1028 gives chemistry, 
physicals and evaluations on “HS 6460,” 
capable of making compacts with 100,000- 
psi. tensile after heat treatment. Republic 
Steel Corp. 


1643. Ni-Clad Cu Wire 

Handy reference guide to its properties, 
advantages and applications. Combines 
high heat and electrical conductivity of 
Cu with stability and strength of Ni. 
Riverside-Alloy Metal Div. 


1644. Coated Small Wire 

Flat, round, square, rectangular, for 
ready soldering and mass production of 
small parts described in folder by Little 
Falls Alloys, Inc. 


1645. Free-Cutting Cu Alloys 

20-p. booklet gives compositions, sizes, 
tolerances, machinability of leaded 
brasses. bronzes and nickel-silvers. Titan 
Metal Mfg. Co. 


1646. Welding Fittings 

Tubular Products Div. of Babcock & 
Wilcox Co. has issued 24 folders FDC 252 
to 275 cataloging fittings and flanges for 
pipe sizes up to 36 in. 


1647. Steel Tubing 
Bulletin CS 60, “Ostuco Steel Tubing” 
gives specifications for seamless steel 
ant manufactured by Ohio Seamless 
ube. 


1648. Parts in Al and Mg 

Dow Metal Products Co.’s facilities for 
making castings (sand, permanent or die 
molded), extrusions, rolled shapes, or 
complete fabrications presented in 12-p. 
booklet. 


1649. High-Pressure Tubing 

Data Memorandum No. 22 by Superior 
Tube Co. presents data on sizes, types, 
apvlications and stress formulas for four 
types of stainless tubing and A.I.S.I. 4130 
steel. 


1650. Wire Cloth 

94-p. catalog contains specifications and 
information about uses of wire cloth made 
in nine basic weaves in any commercial 
metal or alloy wire. Cambridge Wire 
Cloth Co. 


1651. Brass Forgings 

32-p. “Titan Forging Handbook” argues 
the proposition that quality, strength and 
appearance of ey are superior to 
sand castings. Titan Metal Mf. Co. 


1652. Bimetal 

Booklet “Successful Applications of 
Themostatic Bimetal” available from W. 
M. Chace Co. 


1653. Steel Castings 

“Sinews of Modern Living” is the title 
of a 28-p. booklet illustrating 200 repre- 
sentative steel castings in various indus- 
tries. Steel Founders’ Society of America 


Choose From The Widest Variety 
Of Thermocouple Wires 


Over 1500 
Different Types 


T-E’s tremendous variety of thermocouple 
extension wires assures you quick delivery 
of every type and size—from one reliable 
source. Dependable quality control is also 
assured by T-E’s own complete facilities 
for wire drawing, insulating and calibrat- 
ing. T-E duplex wires come in solid or 
stranded construction, in all standard cali- 
brations. The latest types of insulation 
and metallic armor overbraid protect them 
from all atmospheric, chemical and abra- 
sive conditions. From 6 to 56 pairs of T-E 
thermocouple leads can now be installed 
at one time with the new “Thermo-Cable”’. 
Also available—a complete selection of 


“MIL”- Spec Wire. 
See Our Full Line— 


Write for Wire Bulletin 32WS-16 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
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KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


Normalizing Alloy Steels 


There are several forms of heat- 
treatment commonly employed in 
the processing of alloy steels. Each 
in its own way modifies the mechan- 
ical properties and structures of 
steel, and each is chosen with a 
definite objective in mind. The five 
usual forms of treatment are nor- 
malizing, annealing, spheroidize- 
annealing, quenching and tempering, 
and stress-relieving. 

In this particular discussion, let 
us consider briefly the purposes and 
effects of normalizing. 

Normalizing is an operation in 
which the steel is heated to approx- 
imately 100 deg F above the upper 
transformation range, then cooled 
in still or agitated air. The basic 
purpose is to refine the prior struc- 
ture produced by variations in fin- 
ishing temperatures encountered in 
rolling or forging. The structure 
resulting from normalizing, being 
more uniform, will help create im- 
proved mechanical properties when 
the steel is subsequently reheated, 
liquid-quenched, and tempered. 

There are times when large steel 
parts (heavy forgings, for example) 
cannot be liquid-quenched because 
of their size. In cases of this nature, 
the heat-treatment must consist of 
single or multiple normalizing fol- 
lowed by tempering. 

High-temperature normalizing is 
sometimes used for grain-coarsening 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
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low-carbon alloy steels to promote 
machinability. (In high-temperature 
normalizing, steel is heated to more 
than 100 deg F above the upper 
transformation range.) At times it 
is possible to machine a steel in the 
air-cooled condition, the governing 
factor being the alloy content. How- 
ever, the highly alloyed analyses 
may require annealing or tempering 
after normalizing, to decrease the 
hardness. 

It is essential, when normalizing 
is employed, that free circulation of 
still or agitated air be provided. 
When air-cooling of individual bars 
or forgings is not practicable, the 
furnace charge should provide for 
some means of separation, such as 
racks or spacers. 

If you would care to know more 
about normalizing, or any other 
phase of heat-treating, you are in- 
vited to consult with Bethlehem 
metallurgists. They are always glad 
to give you any help you need. 

And remember that Bethlehem 
makes the full range of AISI stand- 
ard alloy steels, as well as special- 
analysis steels and all carbon grades. 


This series of alloy steel advertise- 
ments is now available as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels.’ If you would like a free 
copy, please address your request to 
Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. 


Export Distribuior: Bethlehem Stecl Export Corporation 
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we’re talking here to analytical chemists, crystallographers and metal- 
lurgists who know their way around x-ray diffraction and 
x-ray fluorescence analysis equipment. To people like you 
the importance of the advances cited below will be abun- 
dantly clear. To others of lesser technical background, any 
local Picker representative will be glad to explain their 
significance in terms of greater analytic versatility, easier 
operation, more accurate results. 


The big central access port in the diffractom- 
eter permits quick set-up of vacuum or 
helium path attachments with neat disposi- 
tion of wires, vacuum and gas lines, etc. 


unique| Biplane Diffractometer is just one 


of many reasons why new Picker equipment 
for X-ray Diffraction and Fluorescence Analysis 
lets you do V more V easier V taster Y more accurately 


because it’s the only one that lets you 


handle any kind of specimen—solid or liquid—with equal ease 
because you can operate it horizontally (as shown above) or vertically (as in 
tint panel) or even run two diffractometers simultaneously 


rotate sample independently about diffractometer axis for special 
precision-procedures . Makes for jiffy alignment of 
specimen or analyzer crystal, or detection of preferred orientation 


increase or decrease the take-off angle (down to zero, if you like) 
without having to realign the x-ray tube 


save hours fussing with x-ray tube alignment because the tube mounts directly to the 
diffractometer: once aligned it stays that way permanently. You can even interchange x-ray 
tubes without having to realign 


vary scanning pattern and technic from remote control—choosing 
continuous scan or step scan (with selectable increments) or oscillation: manual or motor-driven 


some other reasons include a spanking-new completely integrated Radiation Analyzer— 
first electronic ensemble designed specifically for x-ray diffraction. 
Digital printout by preset time or preset count. KV and MA Monitor Control 
for high-precision reproducibility. New camera-type diffraction 
table with A.C.A. accepted dovetail tracks... 


dozens more... but, alas, we have to stop somewhere. Get the ful/ story on this 
remarkable new equipment from your local Picker representative (see ’phone book) or 
write Picker X-Ray Corporation, 25 South Broadway, White Plains, New York. 


if it has to do with RADIATION /it has to do with 
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Armour Ammonia is also backed by the finest 
technical service available. Armour’s Technical Serv- 
ice Department will furnish blue-prints and engineer- 
ing recommendations . . . supervise your cylinder and 
storage tank installations and give additional aid 
whenever you need it, at no extra cost. 


Armour Anhydrous Ammonia has a guaranteed mini- 
mum purity of 99.98%. Ammonia so pure, you have 
no problems with moisture, oil or non-condensable 
gases. 

You are always assured of excellent heat treating 
results, because Armour quality standards are based 
on an extra control test made when the ammonia is 
ready for shipment to you. Every cylinder and tank 
truck of Armour Ammonia is subjected to a rigid 
qualitative test after filling to make sure it is at 
least 99.98% pure when delivered to you. This extra 
Armour test eliminates the danger of your receiving 
ammonia that has been contaminated during the 
filling process. 
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Division of Armour and Company 
110 North Wacker Drive ¢ Chicago 6, Illinois 


METAL PROGRESS 


Nw 
| ‘ 
A ia Sal 
A Industrial Chemical C 


American Society for Metals 


FIRST CLASS 


PERMIT NO. 1 
NOVELTY, OHIO 


and Metal Progress serves 
31,000 member-readers in 11 
major areas of the metals 


METALS PARK 
NOVELTY, OHIO 


industry. 


The ASM is the communications center for technical information 
wherever metals are produced, pr d, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering magazine 
of the Society, reports on engineering developments in these 11 
major technological areas: 


METAL PROGRESS 
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BUSINESS REPLY CARD 
No Postage Stamp Necessary if Mailed in U.S. 


FERROUS METALS: Alloy, Carbon, Free Machining, Stainless Steels, Hot 
and Cold Finished Bars. 


NONFERROUS METALS: Aluminum, Beryllium, Brass, Bronze, Columbi- 
um, Copper, Lead, Magnesium, Molybdenum, Monel, Nickel, Rare 
Earths, Tantalum, Titanium, Tungsten, Zinc, Zirconium. 


HEAT- AND CORROSION-RESISTANT AND ELECTRICAL MATERIALS: Spe- 
cial Alloys; Carbon, Graphite; Ceramics, Cermets, Thermal Insulat- 
ing and Special Electrical Materials. 
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RADIATION AND NUCLEAR MATERIALS & EQUIPMENT: Metallic and 
Non-Metallic Reactor Materials, Fuel Elements, Pressure Vessels, 
Control Elements, Related Equipment. 


TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT: Abrasives; 
Carbides; Coolants, Oils and Lubricants; Arc and Gas Cutting 
Equipment, Saws; Forging, Pressing, Extruding Chemical Milling, 
Slitting, Straightening and Spinning Equipment; Tool and Die Steels, 
Plastic and Other Short-Run Die Materials. 


INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES: Atmosphere Gener- 
ators and Gases; Commercial Services; Furnaces; Controls, Indi- 
cators and Recorders; Induction, Flame and Salt Bath Equipment; 
Ovens; Pyrometers; Quenches; Samplers and Analyzers; Trays, 
Refractory Parts. 
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CLEANING AND FINISHING EQUIPMENT AND SUPPLIES: Alkaline 
Cleaning, Pickling, Degreasing, Buffing, Polishing, Blasting, Plat- 
ing Porcelain Enameling, Purifying, Painting Equipment and Sup- 
plies; Rust Preventives; Abrasives. 
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WELDING AND JOINING EQUIPMENT AND SUPPLIES: Gas, Resistance 
and Arc Welding Equipment and Supplies; Electrodes; Adhesives, 


Fasteners; Hard Surfacing, Brazing and Soldering Equipment and 
Supplies. 


INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES: Microscopes 
and Attachments; Analytical and Mechanical Equipment; Gages, 
Comparators, Hardness Testers, Nondestructive, Electronic and 
Other Scientific Inspection Equipment. 
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PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES: Electric and 
Vacuum Melting Furnaces; Refractories; Ferro Alloys; Foundry 
Irons and Coke; Rare Earths; Alloying and Refining Agents; An- 
nealing, Soaking and Sintering Furnaces; Rolling Equipment; In- 
dustrial Gases; Foundry Equipment and Supplies. 


BUSINESS REPLY CARD 
No Postage Stamp Necessary if Mailed in U.S. 


PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS: Cast- 
ings (Malleable, Gray Iron, Steel, Non-Ferrous), Forgings, Extru- 
sions, Powder Metal Parts, Springs, Stampings, Tubings, Weld- 


ments, Wire. 
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Catalogs and Bulletins are avail- 
list of manufacturers’ literature, con- 
More Facts on Advertised Products. 
Because some advertisements cannot 
be numbered, please write the names 
of those advertisers in the blanks 
New Products and Services are num- 
bered. Circle the postcard for more 
Reprints of Articles are yours for the 
asking as long as they last. No need 
to clip your Metal Progress issue for 
reference filing; send for reprints. 
Please Include Your Name and Address! 


Engineering Areas. 


information. 


are numbered. To receive more information, 
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circle the appropriate numbers on one of these 
postage paid cards. Editorial reprints will be 


Reader Service Information 


With These 
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a> 
= 
qa 


ices an 


(sowoN spy Poroquinuun Spy Pesoquinuuy 


(euoz) (9494S) (eu0z) 


(400445) ‘sseuppy 


:Aundwo> 


ONIMOTIOJ 3HL 4O S3IdO> GNIS - ONIMOTIOd 3HL JO 


| | | | 
| 
ger | | 
| | | 
| | 
| | | = | 
Catalogs and bulletins, new products and serv- 
| 
| | | 
| | | 
| 
| | | 
| 
3 | | | | 
| 
| o 
| z le 4 
> 
> 
at 
: VS SRARS RIESE SSS 


In METALLOGRAPHS... 
the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
popular makes are precision instruments, are reasonably versatile 
and, to a varying degree, are easy to operate. But, except for 

¥ UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON, offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON .. . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


FREE 10 DAY TRIAL 


UNITRON’s Metallograph and Universal Camera Microscope 
Model BU-11 with binocular eyepiece; objectives: M5X, M10X, fe \ “INSTRUMENT | DIVISION OF UNITED ja 


M40X, 40X for transmitted light, 100X oil immersion; paired 204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


visual eyepieces: R5X, KelOX Micrometer, Kel5X; photo eye- 
pieces: 10X, 15X, 20X, Micrometer; etc., as described above. Please rush UNITRON’s Microscope Catalog 2-C 
Name 


Address 
City. State 


‘ 
Monocular Model U-11 i pany i 


THE TREND IS TO UNITRON 
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DIAMONDS CAN YOUR BEST FRIEND 


Eastern Stain| 


STAINLESS STEEL 


MARYLAND. 
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intense heat from four Gas-fired torches skin dries pipe molds in as 


Only GAS provides the clean, 
uniform heat needed to skin 


dry pipe molds! Millions of BTU’s of 
clean, uniform heat are required every hour 
by Warren Foundry & Pipe Division of Shah- 
moon Industries, Inc., Everett, Massachu- 
setts, to skin dry its pipe molds. 


Only Gas provides this volume of heat 
without any problems of shipping and stor- 
age. That’s why Warren Foundry chose Gas 
to solve this large scale heating problem. And 
' as plant engineer William Mitchell says, “We 
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little as 2 minutes, after ramming and facing with a blacking material. 


chose Gas over other fuels because of its 
cleanliness and uniformity of heat value.” 


For information on how Gas can help you 
with your production problems, call your Gas 
Company’s Industrial Sales Engineer. He’ll 
be glad to discuss with you the economies and 
outstanding results you get with the clean, 
uniform heat of Gas, and modern Gas-fired 
industrial equipment. AMERICAN GAS ASSOCIATION 


FORCONTROLLED INDUSTRIAL HEATING 
6 .. .GAS IS GOOD BUSINESS! 
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Alcoa puts the metal where you want it 


How BIG an impact have you seen 
lately? Alcoa can now make them up to 
12 in. in diameter and 60 in. long. 
When Alcoa’s new 2,500-ton press 
hits an aluminum alloy slug, a giant 
impact is formed with the combined 
strength of an extrusion and forging. 
Like their small brothers, these big 
new impacts can save you money. They 
are produced in one fast operation. 
There’s no parting line to be ground. 
No scale to be removed. No draft to be 
cut off. Impacts have forged bases and 
extruded sections. Multiple parts can 
often be combined into one integral 
impact eliminating welded or mechani- 
cal joints. Machining is reduced, and 
excessive material waste is eliminated. 


MAY 1960 


You can get these big new Alcoa® 
Impacts in many alloys with tensile 
strengths up to 75,000 psi. Also made 
from aluminum powder metallurgy 
alloys which provide excellent proper- 
ties at elevated temperatures. 

Alcoa Impacts are unfailingly sound. 
They have smooth, corrosion-resistant 
surfaces. You can have them in plain 
or complex shapes with design features 
combining those of forgings and extru- 


WaLcoa ALUMINUM 


sions—flanges, steps, multiple walls, 
bosses, ribs. 

In impacts, as well as forgings, cast- 
ings, extrusions and screw machine parts 
. . . Alcoa puts the metal where you 
want it. A call to Alcoa can mean 
ingenious design solutions. Start now; 
write for Metal in Motion, Alcoa’s new 
34-page brochure on impacts. Aluminum 
Company of America, 913-E Alcoa 
Building, Pittsburgh 19, Pa. 


Alcoa puts the metal 
where you wantit. . 


A 
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ALUMINUM COMPANY OF AMERICA 


in impacts, castings, 
forgings, extrusions 
and screw machine parts. 
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Just a little 
Vancoram Ferrovanadium does such a big job! Vancoram Ferro. 


vanadium does an outstanding job in a surprisingly economical way! In constructional steels, tool and die 
steels, deep-drawing steels, cast and forged steels, and in cast irons, no other alloying element is so versatile. 
It readily forms stable carbides and controls grain growth. In cast irons it is unusually effective in restraining 
graphitization. Vanadium imparts toughness, durability, strength and resistance to wear. Try it and see! 


Call or write your nearest VCA District Office or VCA distributor for the whole story. Vanadium Corporation 
of America, 420 Lexington Avenue, New York 17, N. Y. + Chicago + Cleveland + Detroit + Pittsburgh 


VCA Products are distributed by: Paciric Metrats Company, Ltp.; STEEL SALES Corporation; J. M. TULL 
METAL AND SuppLy Company, Inc.; WHITEHEAD METALS, INc.; WILLIAMS AND CoMPANy, INC. 


Be sure to visit our Booth (No. 1414) ‘ 
at the AFS Castings Congress, CORPORATION OF AMERICA i 
Philadelphia, May 9-13. Producers of alloys, metals and chemicals 
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Catching Up with a Slippery Equation 


What goes on when two moving surfaces are separated by a film of oil? 


Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 
Osborne Reynolds neatly stated the problem in equation form back in 1886. 


Unfortunately, analytical methods for solving Professor Reynolds’ 
partial differential equation worked only for unrealistic oil bearings, 
bearings with widths approaching zero or infinity. And approximate 
methods were crude, requiring a complete recalculation for each slight 
change in the bearing. 


Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 

yet made, Their analytical method for solving the two-dimensional 
Reynolds’ equation applies to all finite journal bearings — as well as 
other hydrodynamic bearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 
tried by Reynolds and others. 


Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 

curves for engineers. At GM Research, we believe delving into both 

the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 

of “more and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


Hydrodynamic analyses have . Only curve previously available. 
led to specific answers about 
bearing operation. Shown 
here are the oil pressure 
distribution (main illustration) 
and load-carrying 

capacity for a non-rotating 
journal with a 

reciprocating load. 
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H-2424 — Balance, Analytical, Sar- 
torius “Selecta Rapid” model. 
Capacity—200 grams. Sensitivity — 
1/10 mg. Single Pan. No weight 
handling. Weights are an integral 
part of balance and are added by 
flick of external knobs. 


Price $890.00 


H-1823—Balance, Analytical, Becker 
Model "AB-2.” Two Pan. Dial reading 
chainomatic, with notched beam. Ca- 
pacity— 200 grams. Sensitivity—1/20 


Price. $449.00 


These balances are just a few of the many 
balances making up our complete line inclu- 
ding Micro, Semi-Micro, Specific Gravity, etc. 
Write us regarding your specific need. 


HARSHAW 


A Balance for every weighing . . . and a 
Balance that will perform the weighing to 
the accuracy required in the shortest possible 
time. Most of our extensive line of domestic 
and imported balances is illustrated and 
described in the 32-page Harshaw Scientific 
Balance Bulletin. Do you have your copy? 
In addition we will gladly furnish detailed 
information on particular balances. 


H-1642 — Balance, Analytical, Ains- 
worth “Right-A-Weigh"” Type S,C. 
Capacity—200 grams. Sensitivity— 
1/10 mg. Single Pan. No weight han- 
dling. Features substitution weighing. 


Price $895.00 


H-2400 — Balance, Analytical, Sar- 
torius “Projecta Rapid” Model. 
Capacity—200 grams. Sensitivity — 
1/20 mg. Two pan. No weight han- 
dling up to 10 grams (weights up to 10 
grams are built-in). 


Price $645.00 


H-1905— Electrobalance. Cahn, 
Range Selector Model. For micro 
weighings quickly and accurately. 
Maximum range—0-100 mg. with 25 
micrograms sensitivity. Four other 
ranges down to 0-1 mg. with increased 
sensitivity. 


Price $695.00 


H-2440— Balance, Analytical, Voland 
Model 100N. Capacity—200 grams. 
Sensitivity—1/10 mg. 


Price $125.00 


Division of The Harshaw Chemical Co. * Cleveland 6, Ohio 


we 


_ SUPPLYING THE NATION'S LABORATORIES FROM COAST TO COAST 


BRANCHES CINCINNATI 13, OHIO 
6265 Wiehe Rood 


AND WAREHOUSES 
CLEVELAND 6, OHIO 
1945 East 97th Street 


DETROIT 28, MICH. 
9240 Hubbell Ave. 


SALES OFFICES + Atlanta, Ga, + Baton Rouge 
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Advantages of 17-7 PH Stainless Steel 
For Springs in Severe Service 


\\<—) Excellent elastic properties, strength at high temperatures, resistance to 


Armco 17-7 PH is one of a family of Armco Precipitation- 
Hardening Stainless Steels developed to meet the exacting 
needs of space age technology. For springs it offers a unique 
combination of properties that make it especially useful 
in applications involving heat or corrosion, where ordinary 
spring materials don’t hold up. 


EXCELLENT ELASTIC PROPERTIES 

In tension, the elastic limit of 17-7 PH wire is approxi- 
mately 75% of ultimate tensile strength; in torsion, about 
55%. The figures in Table 1 give an idea of the excellence 
of these values. See table 2 for a comparison with 18-8 
stainless and music wire. Relaxation and torsional modulus 
values of 17-7 PH stainless hold at high levels even at 
temperatures up to about 650 F. 


TABLE 1 


Typical Room Temperature Properties 
of .052 to .061-inch 17-7 PH Wire 


CONDITION PROPERTIES 
UTS, 0.2% Yid. Elong. Fatigue Str. * 
psi Str., psi in 2”,% % of Tens. Str. 
at 107 Cycles 
250-280,000 230-260,000 — — 
CH 900 305-335,000 285-315,000 2-4 36 
*Machined and polished surfaces 
TABLE 2 


Comparison of Typical Mechanical Properties 
of Armco 17-7 PH Condition CH 900 Wire, 18-8 
Spring Wire and Music Wire 


17-7 PH 18-8 MUSIC WIRE 
Diameter, Inches Ultimate Tensile Strength, 1000 psi 
.030 320-350 280-310 340-365 
.093 279-309 230-260 285-305 
.148 256-286 201-231 263-280 
.192 252-282 185-215 252-267 


Diameter, Inches Max. Torsional Stress When Closed Solid, 1000 psi 


ARMCO STEEL 


NS corrosion—all are combined in Armco 17-7 PH Stainless Steel wire to make 
it an outstanding material for springs operating under severe conditions. 


CORROSION RESISTANCE 

Armco 17-7 PH Stainless Steel extends the dependability of 
springs beyond that of metals with comparable strength 
but inferior resistance to corrosion. In Condition CH 900, 
for example, the condition most widely used for wire prod- 
ucts, 17-7 PH resists corrosion as well as 18-8 full-hard 
temper stainless steel. Even in a marine atmosphere, 2 years’ 
exposure produces only superficial rusting. 


SPRING FABRICATION 
Availability of 17-7 PH round or flat wire, coils or straight 
lengths, and a wide range of sizes and conditions, makes it 
adaptable to the production of a great many kinds of springs. 
It’s workable as well. In Conditions C and CH 900, for 
example, 17-7 PH wire can be wrapped on its own diameter. 
However, because Condition C is more ductile, it is pre- 
ferred for spring coiling, especially on automatic machines. 
The low-temperature precipitation hardening of 17-7 PH 
after fabrication takes care of stress relieving too. No 
further heat treatment is required as with other harden- 
able spring materials. Thus a production operation is elimi- 
nated and the possibility of dimensional changes is avoided. 
Also, because no heavy scale is produced and because plating 
is not necessary, 17-7 PH springs are not exposed to hydro- 
gen-absorbing conditions. A very light pickle will remove 
heat tint. 


SEND COUPON FOR DATA 


For more information on Armco 17-7 PH Stainless Steel or 
its special precipitation hardening companion grades, 17-4 
PH and PH 15-7 Mo, just fill in and mail the coupon. 
There’s no obligation. 


ARMCO STEEL CORPORATION 
3099 Curtis Street, Middletown, Ohio 


Please send more data on: 
| © 17-7 PH (] 17-4 PH C) PH 15-7 Mo 


NAME. TITLE 


CITY. ZONE___STATE. 


| 


Armco Division + Sheffield Division * The National Supply Company * Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation + Union Wire Rope Corporation 
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Big jet aircraft make money only when they are in the air. 
Every minute they are earthbound is costly. You just can’t 
| Kani en’ take chances on failure of aircraft engines from fuel contami- 
2d nation, or on failure of refueling equipment. That’s why those 
parts of Brodie BiRotor refueling meters and control valves 
helps keep that come in contact with the fuel are chemically plated with 
. . KANIGEN nickel alloy. 
| jet awreraf y where Brodie BiRotor meters have been used for controlling aircraft 
the money is refueling for many years, and their internal parts have been 
_.. an the air KANIGEN-coated ever since this highly accurate method of 
plating difficult or complicated surfaces was perfected. 

Do you have a corrosion or contamination problem? Is it a small 
part like the Brodie meter housing? Or is it a surface as large 
as the inside of a 20,000 gallon tank car? Whatever it is, there’s 
a way to solve your problems with KANIGEN chemical nickel 
plating. Write or phone the nearest General American office. 

It pays to plan with General American. 


KANIGEN DIVISION KANIGEN 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street 
Chicago 3, Illinois 
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CAMBRIDGE METAL-MESH BELTS help 
you beat today’s profit squeeze—give you 
the low-cost production and high product 


quality needed for the competitive 60's! 
Combined movement and processing 
speeds up annealing, quenching, washing, 
sintering, copper brazing, hardening, other 
operations. You cut labor costs, handling, 
production time. 


Quality is consistent because liquids, 
gases flow through the belt and around 
product for thorough treatment. 


You save on operating costs, too. Superior 
belt design and manufacturing tech- 
niques mean longer life, fewer repairs. 
Belts can be made heatproof or acidproof 
—in any mesh, weave, metal or alloy— 
with any side or surface attachments. 


Call your Cambridge Field Engineer 


now. He'll be glad to discuss any 


manufacture to installation and 
service. Look in the yellow pages 
under “Belting, Mechanical”. Or, 
write for FREE 130-PAGE REFERENCE 


The Cambridge 
e Wire Cloth Co. 


Department B e Cambridge 5, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 


ct of Cambridge Belts—trom 
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Work Temperature 


Magnetic Amplifier 


Furnace ° | 
Power Supply 


Element Temperature 


Pyr-O-Volt 


Electric furnace control system prevents 


overshoot, protects heating elements 


Here’s the simplest, most economical way to bring 
electric furnace temperatures up to work level rap- 
idly and safely using saturable reactor control. 


This accurate Honeywell system holds fast-rising 
furnace temperature to a safe value as the slowly- 
increasing work temperature approaches its control 
point. The system consists of two Pyr-O-Volt con- 
trollers and a magnetic amplifier. Both controllers 
feed signals to the magnetic amplifier until work 
temperature reaches set point, then the work tem- 
perature controller assumes primary control of the 
system. 


Work Temperature 


Curves show the relationship of work temperature 
and element temperature vs. time in the Pyr-O-Volt 
furnace control system. 
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This relatively inexpensive system requires mini- 
mum maintenance, as no relays or other mechanical 
switching means are used. Both controllers have pro- 
vision for fail-safe thermocouple burnout protection. 
In addition, automatic current limiting can be sup- 
plied with the system should you require extra pro- 
tection for molybdenum heating elements. 


Your nearby Honeywell field engineer can give you 
complete details on applying this system to advan- 
tage in your plant. Call him today .. . he’s as near as 
your phone. 


MINNEAPOLIS - HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
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Nine 


different ways... 


OX-250 general Resotron 


utility x-ray unit 


LC-90 lightweight 
mobile x-ray 


LX-140 — ultra-compact 
portable x-ray 


Resotron 2000*— 


G-E x-ray inspection equipment covers every need 
— with units available in power ranges from 5 to 
2,000-kvp output . . . choice of wet or dry radio- 
graphic processing . . . even remote-television x-ray 
fluoroscopy. Production-line, continuous inspection 
can easily be arranged where desired. 

There’s no need at all to settle for piecemeal help 
when you want x-ray apparatus, supplies or installa- 
tion-planning assistance. Instead, take advantage of 
the industrial x-ray experience General Electric has 


300-kvp portable x-ray 


2-million volt x-ray 


Let General Electric X-Ray lend a hand 


Xeroradiographic unit for 
dry-process radiography 


OX-175 — 175-kvp 
portable x-ray 


Resotron 1000%— 
million-volt x-ray 


to look at 


your products! 


gained through half a century of serving needs and 
solving problems much like your own. You stand to 
come out ahead in many ways. Our specialists have 
the knowledge that can find right answers in a 
hurry. Our research facilities are set up to solve 
even the most unusual puzzles. 

For assistance with your inspection problems, 
contact our office in your area, or just write X-Ray 
Department, General Electric Company, Milwaukee 
1, Wisconsin, Room AS-54. 

* REGO. TM 


Progress /s Our Most Important Product 
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ng Divi- 
sion, @ Model 30 Iriditron is used to spot-check 
plate welds on the bow section of a steel barge. 
Light and easily carried, requiring no outside 
power supply, the Model 30 uses iridium 192. — 
It can take internal and panoramic exposures not. 
possible with standard equipment. ; 


Remote control of iridium... with Iriditron units 


@ Especially designed for remote handling of iridium 
192 

@ Excellent for panoramic and internal exposure 

e Permits exposure of iridium sources by remote con- 
trol as far as 50 ft. away. 


3 Skid mounted or portable, this Budd 

~~’ Iriditron unit provides all the versatility 
de of the traditional unshielded source for 
pipe weld radiography, panoramic ex- 

posure of multiple specimens, circumferential and 
longitudinal welds in boilers and pressure vessels. 
The unit can hold extremely strong sources... as 


much as 30 curies of iridium 192, approximately 
equivalent to a 260 KV X-Ray machine. This adds 
up to significant reductions in exposure times. 


And you get complete service from Budd— including 
radioactive source supply and encapsulation, source 
replacement and disposal, training for your person- 
nel (at no charge) and aid in setting up complete 
radioactive facilities. 


Write or call Budd Instruments Division for our 
Gamma Radiography Bulletin . . . or for a consulta- 
tion on your requirements. 


THE BUDD COMPANY - P.O. Box 245 - Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 


In Canada 


Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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C. G. Hussey & Company, Pittsburgh, solved a number of copper annealing furnace 
problems with help from the MSA Instrument Specialist (right), and this Inert Gas Analyzer. 


M-S-A’ Inert Gas Analyzer eliminates bad heats 
automatically —assures clear, bright, smooth product 


Product uniformity is now continuously and automatically 
controlled in the C. G. Hussey & Company annealing 
process. An M-S-A Inert Gas Analyzer with control 
mechanism has taken over the job. 

Before the instrument was installed, the ratio of gases 
used in the annealing process was maintained by manual 
controls. The operator had to watch or spot-check 
analysis instruments. Quality of the resultant atmosphere 
in the furnace often varied from the range needed for 
product uniformity. 

But now, according to L. A. O’Donnell, superintendent 
of the heat treating and annealing department: “We 
haven’t had a bad heat since we installed the system. 
And there’s been no major maintenance on the analyzer 
since it has been in use.” In addition to the analyzer on 
the gas-fired annealing furnace, Hussey & Company also 


has two others for control of electric furnace atmospheres. 

In the Hussey & Company annealing process, the 
product is heated to annealing temperature while blan- 
keted with an inert gas atmosphere. This atmosphere 
must be free of oxygen and low in hydrogen to prevent 
spoiling the product. That’s why the M-S-A Inert Gas 
Analyzer is so vital here. It controls atmosphere to very 
close limits, records atmosphere quality. 

Perhaps this low-cost, low-maintenance instrument has 
a place in your quality control program. An MSA Instru- 
ment Specialist will be pleased to discuss your specific 
problems with you. Write for information regarding 
your specific problems of atmosphere analysis and control. 


INSTRUMENT DIVISION 


MINE SAFETY APPLIANCES COMPANY 
Pittsburgh 8, Pennsylvania 
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New user reports say once again... 
rely on Ryerson for increased values 


Here are new case histories that typify how thou- 
sands of steel and aluminum users who rely on 
Ryerson get increased values for their purchasing 
dollars. Individual points of difference between 
Ryerson and other sources may not in every case 
seem overwhelming —but in total they add up to an 
important difference in dependability, experience 
and capacity to serve. 


Production up 30%. In the 

manufacture of this coupling, a 

large job shop recently switched 

from MT 1015 tubing to Ledloy® 

170 tubing from Ryerson. Machin- 
ing speed was stepped up to 170 sfm, and production 
increased 30%. 


Emergency needs met. A breakdown was cutting 
output of a big paint producer, and the steel needed 
to repair the break was not available in the area. 
However, the required analyses and size were on 
hand at the nearest Ryerson plant 200 miles away 
—and within an hour Ryerson delivered 100 feet of 
this bar stock to the local airport. Three and a half 
hours after calling Ryerson in another state, the 
customer had his steel. 


Aluminum key to low-cost 

production. Aluminum from 

Ryerson replaced chrome-plated 

’ brass on this hub for a disposable 

: hypo needle—saving two-thirds of 

basic material cost plus elimination of expensive 

chrome plating. Machinability was equal to that 
of brass. 


Machined from one piece. 

jet engine replacement 

part was machined as a single 

, unit from Type 416 Stainless— 

254” Round, with excellent re- 

sults and finish. Five operations 

were required to turn out the 

finished part. It was machined 

—blanked, drilled, threaded, and roughed out on 

back (square section)— from the Type 416 Stain- 

less at 20% over recommended speeds, using carbide 
tools. 


Better product appearance and a worthwhile 
saving in material cost resulted when a Ryerson 
man recommended that a producer of portable 
coolers switch from one aluminum alloy (3003-H14) 
to another (5005-H14). Slightly higher structural 
strength was a bonus value. Unusually broad alu- 
minum stocks and technical resources often enable 
Ryerson to serve in this way. 


PVC cuts costs 50%. A screw 

machine shop recently replaced 

nylon with Ryertex®-Omicron PVC 

in the manufacture of a nipple 

adapter and coupling nut, and cut 
costs 50%. PVC machined better—to closer toler- 
ances with improved finish... ran faster without 
“gumming.” Note the perfect cutting of threads 
and barbs. Threads fit perfectly. 


These examples illustrate some of the many advantages that 
make Ryerson service truly unique. A call to your Ryerson 
representative may solve similar problems for you. 


STEEL+ALUMINUM PLASTICS METALWORKING MACHINERY 


STEEL 


Joseph T. Ryerson & Son, inc., Member of the 


Steel Family 


PLANT SERVICE CENTERS: BOSTON + BUFFALO + CHARLOTTE + CHICAGO + CINCINNATI » CLEVELAND * DALLAS + DETROIT » HOUSTON * INDIANAPOLIS 
LOS ANGELES + MILWAUKEE + NEW YORK * PHILADELPHIA + PITTSBURGH + ST. LOUIS * SAN FRANCISCO + SEATTLE + SPOKANE + WALLINGFORD 
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Auto Makers Set Pace S.A.E. 8620. Machinability and hardenability of 
the two steels are almost identical, yet the S.A.E. 
4422 costs $0.40 per hundredweight less. Another 
example of the trend from alloy steels is in intake 


Trends in processing methods and materials used valves. Some engine designs can use valves made 


in Materials and Processing 


by the automotive industry were revealed by M. F. of 1041 steel. To protect the valve face, it is 
Garwood, chief engineer of materials, Chrysler metalized with aluminum, then induction heated to 
Corp., at the recent Cleveland District Meeting of diffuse the aluminum into the steel. 

the American Society for Testing Materials: Cold extrusion, which is growing rapidly, often 

Improved electroplating processes for auto permits use of more economical steels and fre- 
bright work are now supplanting the conventional quently decreases heat treating since the properties 
bright nickel-chromium systems. Chrysler Corp. 
leans heavily on duplex nickel followed by chro- 
mium and has notified vendors that the process 
will be the required plating practice for all bright 
plated parts on its autos by next year. It is estimated 
that steel parts plated with duplex nickel have a 
life four times longer than parts plated with con- 
ventional bright nickel. 

Corrosion protection for auto bodies is also get- 
ting more attention. Plymouth bodies go through 
a six-stage spray and seven-stage immersion system 
(see photo) for rustproofing, then a seven-stage 
paint process. 

Interest in aluminum engine blocks is strong. 
Chrysler has 10,000 of these on the road today in 
locations where it can keep an eye on engine 
performance. Made of A-380 alloy, the blocks are 
die cast, a process which Chry sler feels is the best 
way to achieve maximum economy and quality. 
No cylinder liners are used. Die-cast aluminum 
cylinder heads — possibly two-piece assemblies — 
can be expected. 

Auto makers continue to drift away from high- 
alloy steels. For rear axle drive pinions, a newly 
developed steel, S.A.E. 4422, in which molybdenum Plymouth Body Dips Into Tank of 
is the only critical alloying element, has replaced Anticorrosive Solution 
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achieved by cold work may be good enough for the 
job. A typical example is a suspension control arm 
bushing where the switch from a machined, bored 
and broached part to a cold extrusion resulted in a 
$0.17 saving per part. One of the limitations of the 
cold extrusion process is that initial outlay for equip- 
ment is high and is justified only in high-volume 
production. 

Welding has taken on new prominence particu- 
larly in the unitized body construction where almost 
7300 spot welds are required. The change from the 
conventional frame in body construction to unitized 
desigis equired extensive work in setting up weld- 
ing practices. A difficult problem, for example, was 
to insure that spot welds were not only strong under 
static conditions but during dynamic loading as 
well. 

Plastics are becoming more important in auto 
manufacture for two main reasons: Better plastics 
are available and their costs are moving downward 
(compared to metals where the cost trend is up). 
Radio grills, interior trim parts, and even carbr:retor 
float valves are being made of plastics. In auto 
finishing, plastics have proved valuable in the form 
of epoxy resin primers which are highly resistant 
to impact damage and to water penetration. 


Spacer Springs of H-ll Solve 
Heat Treating Problem 


Engineers of Boeing’s Aero-Space Div. in Seattle, 
Wash., experienced trouble with distortion in heat 
treating thin-gage aluminum sheets. The problem 
was solved with springs made of H-11 die steel 
which are inserted at the top and bottom of the 
coils (see below) to hold the sheets firmly in posi- 


Spacer Sprincs 


No Distortion in Heat Treating 
Thin-Gage Aluminum 


tion when they are placed on the furnace racks. 
Springs are made of wire 0.063 in. in diameter, 
and are 8 in. long with outside diameter of 1 in. 
They retain their tension through hundreds of 
heat treating cycles. 

Space provided by the springs between the coils 
insures uniform heat distribution and improves the 
circulation of quench water. By restraining the 
coiled sheets during heat treating, and at the same 
time preventing metal-to-metal contact, the spacer 
springs have minimized warpage and weak spots. 
The technique has improved the mechanical prop- 
erties of heat treated sheets and has lowered the 
number of rejects. 


More Facts on 
Explosive Forming 


Lockheed Aircraft Co. has been investigating the 
fundamentals of explosive forming in a contract 
with the U.S. Atomic Energy Commission. Work- 
ing with Vascojet-1000 sheet, 0.025 in. thick, and 
a cup-shaped die of 4130 steel hardened to C-36, 
Lockheed engineers found that the explosive should 
be fairly close to the work in order to get the most 
accurately formed shapes. Strangely enough, a 
paper coffee cup can direct the force of the blast 
and increase the attainable draw depth by 50%. If 
die, workpiece and explosive are immersed in water, 
the amount of work for a given explosive charge 
is also increased with more safety. The only meas- 
urable change in characteristics of the Vascojet- 
1000 sheet after explosion forming is a decrease in 
fatigue properties; normal work hardening ability 
is unimpaired. 


Trends in Tool Materials 
and Metal Fabrication 


Those who read the dozen or more brief articles 
on tool materials in this issue (p. 97) will note 
several important trends: In the first place, several 
of the steelmakers point out the growing use of 
air hardening tools because dimensional changes 
during hardening are minimum and uniform and 
the hardness is easier to standardize. Others note 
recent adjustments in alloy content to improve tools 
for specialized uses. Changes in steelmaking tech- 
niques such as vacuum casting and vacuum melting 
produce sounder metal — especially needed for the 
larger dies for forging, extruding and die casting — 
with much attention also to minimized segregation 
in the ingot. Carbide tools are all-but-universal for 
really high-speed cutting; users are finding that a 
tool having throw-away carbide inserts costs less 
per piece than when the cutting edges are re- 
ground. Finally, molybdenum-base alloys appear 
to have what it takes to forge and extrude the stiff 
high-temperature and refractory alloys so much in 
demand by the missile makers. 
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New Steel 
for Porcelain Enamel 


Users of porcelain enamel finishes have long 
recognized the advantages of one-coat, one-fire 
enameling. In Metal Progress for June 1959, it 
was reported that Armco Steel Corp. was field 
testing “Univit”, a special sheet steel for one-coat 
enameling. Armco announces that this new enam- 
eling iron is now in commercial production. 

The most important property of the new sheet is 
freedom from fishscaling and boiling of the porce- 
lain finish. This means that a single finish coat, in 
white or in color, can be applied directly to 
fabricated metal parts in one firing operation. The 
conventional ground coat required for most regular 
enameling grades of iron and steel is eliminated. 

The new enameling sheet is expected to find wide 
use on appliances, where exposed parts subject to 
high inspection standards, such as range, washer 
and dryer tops, will have a smoother finish. In 
addition to cost reduction, another advantage is 
over-all reduction in thickness of the coating. Parts 
finished by the one-coat process will resist mechan- 
ical damage to a greater degree than those enam- 
eled by conventional two-coat practice. 


Growth in 
Oxygen Biown Steel 


In the March-April issue of Jones & Laughlin’s 
informative Jalmet Notes we see that the process 
devised by C. V. Swartz of Germany and R. Durrer 
of Switzerland of blowing cast iron to steel in a 
basic-lined vessel by an oxygen jet impinging from 
above, and put into full production at the Linz- 
Donawitz plants in Austria in 1953, has now been 
so widely adopted that the world capacity exceeds 
14 million net tons annually. American installations 
are: 

Now operating 
McLouth Steel Corp. 
Acme Steel Corp. 
Kaiser Steel Corp. 
]. & L. (Aliquippa) 


1,385,400 net tons 
452,000 
1,440,000 
880,000 
Total operating 4,157,400 
Under construction 
Colo. Fuel & Iron Corp. 
]. & L. (Cleveland) 


600,000 
1,200,000 


5,957,400 net tons 


Grand total 


Fluoroscope Tests Welds 
in Steel Pipe 


Checking welded seams in steel pipe by X-ray 
inspection 1s a slow process and even then it is not 
necessarily representative since standard practice 
calls for inspection of only the end portions of the 
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pipe. These shortcomings have been overcome 
by a continuous fluoroscoping process (see photo) 
employed as a regular production tool by National 


FLuoroscore Inspects WELDED PIPE 
Continuous Process Permits 100%, Inspection 
of Weld Seam 


Tube Div. of United States Steel Corp. since 
January 1959. 

In operation, the equipment inspects 40-ft. sec- 
tions of welded pipe. Source of radiation is an 
X-ray head mounted on a 48-ft. boom which surveys 
the weld from inside the tube. The image is picked 
up on a fluorescent screen, intensified, then tele- 
vised. Convenient inspection is possible since the 
inspector views an enlarged image on a television 
monitor. When he detects a flaw, he simply presses 
a button which marks the spot with a water- 
soluble white paint. 


Water Detection Device 
Makes Oil Quench Safer 


Heat treaters know that they must not have water 
in an oil quench tank. Not only does slack quench- 
ing result, but water is actually a danger if the 
system is enclosed. If the moisture rises above 
0.15% is an oil-filled tank, steam can form when a 
hot charge is quenched. Internal expansion may 
then cause foaming, and the 1700:1 increase in 
volume of water vapor within the oil can swell the 
entire volume beyond the limits of the quench tank. 

To avoid this potential hazard, a device for 
detecting small amounts of water in oil has been 
developed by Ipsen Industries, Inc. This new 
safety feature, known as the Ipsen Water Sentinel, 
consists of a probe, the heart of which is a replace- 
able resistor sensitive to water. This probe is 
immersed in the oil and sealed in the tank. When- 
ever the amount of water in the tank rises above 
0.10%, an audible or visual alarm operates imme- 
diately, or the unit is shut off. 
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Materials Progress in Direct 
Conversion of Nuclear Energy 


As engineers search for new ways to generate 
power they are looking with increased interest at 
methods for converting heat directly into electricity 
without the need for moving parts, such as required 
by conventional generators. The reason: Quite 
recently, the development of new thermoelectric 
materials has raised both the power output and 
efficiency of thermoelectric devices to levels suit- 
able for the practical generation of power. For 
example, Westinghouse states that a year ago it 
was working with devices whose output was slightly 
over 1 watt. Today, the company has generators 
rated at 100 watts and will soon complete a 
generator rated at 5000 watts. 

Thermoelectric devices are actually used as an 
array of series-connected thermocouples, whose 
materials have been formulated so their voltages are 
additive. Some typical materials include zinc 
antimonide, the tellurides of lead, bismuth, man- 
ganese, and germanium. Other promising mate- 
rials are nickel oxide containing 3% lithium and 
sumarium sulphide which shows good efficiencies 
up to 2000° F. 

One of the most exciting possibilities is the use 
of the thermoelectric principle to convert the in- 
tense heat of nuclear fission directly into electrical 
energy. One way to do this is to expose the hot 
junction of thermoelectric devices to the hot fuel 
elements of a nuclear reactor and the cold junctions 
to the moderator-coolant water. As you might 
imagine, such a design poses a problem in selecting 
thermoelectric materials which behave properly 
under irradiation conditions. However, such mate- 
rials are available and a number of them are being 
tested in research reactors. 

An indirect method could be employed which 
would use the moderator-coolant water as the heat 
source. This means making a boiler with thermo- 
electric tubes instead of regular boiler tubes and 
connecting it to the nuclear reactor pressure vessel. 
The thermally hot, moderator-coolant water would 
flow down the center of the thermoelectric tube to 
heat the hot thermocouple junction, while the 
cooler secondary water would flow around the outer 
surface to cool the cold junction which would 
develop the temperature difference for power 
generation. 

Another direct generating method can use the 
thermionic principle, which is relatively simple: 
Heat is applied to an electron emitting filament 
and the thermal energy from the heat of fission can 
be converted directly into electrical energy. A 
power generator built on this principle at the 
A.E.C.’s Los Alamos Scientific Laboratory has been 
operated for short periods. The nuclear reactor 
also offers an ideal heat source for magnetehydro- 
dynamic and other direct conversion methods. 

"Dr. W. E. Shoupp, technical director of Westing- 
house’s Atomic Power Dept. sums up future possi- 
bilities this way: “On a long term basis, we believe 
that direct conversion of fission energy through 
thermoelectric and thermionic generators can be- 
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come a reality for simple passive systems operating 
at high temperatures. The realization of this objec- 
tive depends upon reactor progress and upon our 
ability to develop high-temperature structural and 
thermoelectric materials.” 


From Here and There... 


It is too bad that news about the Fourth Osaka 
International Trade Fair did not reach us until 
after the April issue was closed, for the date is 
April 9 to 26. Our friend, Haruo Tonami, of the 
Japanese Scientific publishing house AGNE, who 
is also secretary of the Metal Show Assoc. of Japan, 
writes that the latter is sponsoring “The Metals’ 
New Fashion Corner” in one of the halls. A visitor 
will also note other advantages which he points 
out: “April in Japan! It is warm and nice, and the 
best season for sightseeing; cherry blossoms in their 
full bloom and birds sing their songs merrily.” 


If you are interested in vacuum melting and 
pouring, explosive forming, or cold forming proc- 
esses, you may wish to take advantage of A.S.M.’s 
new electronic literature searching by the Docu- 
mentation Service. Because these are “hot” sub- 
jects attractive to a number of subscribers, a very 
special price is offered of $200 for a year’s —-. 
tion. For this you receive digests every two weeks 
of the world’s current literature on any one of these 
subjects that you select. When search subjects are 
individually specified by the subscriber, the sub- 
scription rate is $50 per month. 


Columbium Alloys Will 
Become More Important 


Before 1955, scarcity of columbium caused both 
economic and governmental pressures to eliminate 
it from consideration in alloy development 
programs. Then, in the mid-fifties large deposits 
of columbium ore were discovered on this continent 
and on others. (This was one of the many positive 
gifts to humanity that have come from our efforts to 
satisfy the peculiar metallurgical needs of nuclear 
energy.) These discoveries increased the known 
columbium reserves to an amount which rival those 
of nickel. It’s now predicted that by 1970, colum- 
bium alloys will be employed for most of the 1900 
to 2600° F. structural applications. Total use will 
amount to several million pounds of mill products 
per vear and alloy costs will drop to $15 to $20 per 
lb. In an article in next month’s Metal Progress, 
L. P. Jahnke, manager, metallurgical engineering, 
R. G. Frank, manager, columbium project, and 
T. K. Redden, physical metallurgist (all of the 
Flight Propulsion Laboratory, General Electric Co.., 
Cincinnati) will tell about results already achieved 
from the great effort now underway to expand our 
knowledge on columbium alloys. 
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Southwestern Metal Congress 
Program of A.S.M. Technical Sessions 
Dallas, Tex., May 9 through 13, 1960 


Monday, May 9, 1960 


9:00 A.M. — Sheraton-Dallas Hotel 
Composite Materials for High- 
Temperature Application 


“Metal-Metal Oxide Alloys for High-Temperature 
Applications”, by Nicholas Grant, Massachu- 
setts Institute of Technelogy, Cambridge Mass., 
and K. Zwilsky, New England Materials Lab- 
oratory, Medford, Mass. 

“Metal Fiber Reinforced Ceramics and Metal- 
Ceramic Laminate Composites”, by J. R. 
Tinklepaugh, Alfred University, Alfred, N. Y. 

“Composite Materials for Thermal Protection”, 
by E. Scala, Avco Research and Advanced De- 
velopment Div., Wilmington, Mass. 


2:00 P.M. — Sheraton-Dallas Hotel 
Materials for High-Temperature 
Application 


“Pyrolitic Graphite”, by R. J. Diefendorf, Gen- 
eral Electric Research Laboratories, Schnec- 
tady, N. Y. 

“Selection of High-Strength Carbons for High- 
Temperature Applications”, by E. R. Stover, 
General Electric Research Laboratories, Sche- 
nectady, N. Y. 

“Design of Graphite Leading Edges for Hyper- 
sonic Gliders”, by Frank Anthony, Bell Air- 
craft Corp., Buffalo, N. Y. 


Tuesday, May 10, 1960 


9:00 A.M. — Sheraton-Dallas Hotel 
Steels for High-Load Applications 


“Crack Propagation Characteristics of Cold 
Rolled High-Strength Stainless Steels”, by 
R. A. Lula and G. Aggen, Allegheny Ludlum 
Steel Corp., Pittsburgh 

“5% Cr Ultra-High-Strength Steel in Aircraft 
and Missiles”, by J. C. Hamaker, Jr., Vanadi- 
um-Alloys Steel Corp., Latrobe, Pa. 

“Steels Heat Treated to 260,000 Psi. for High- 
Load Applications”, by F. D. Weaver, South- 
western Industrial Electronics Co., Division of 
Dresser Industries, Houston, Tex. 


2:00 P.M. — Texas Hall of State, Fair Grounds 
New Frontiers Metal Processing 


“The Carbon Dioxide-Shielded Metal Arc Weld- 
ing Process”, by J. P. Koss, A. O. Smith Corp., 
Milwaukee, Wis. 

“Brazed Honeycomb for High Temperatures”, by 
H. R. Wiant, Avco Research and Advanced 
Development Div., Wilmington, Mass. 

“Pipe Line Welding”, by Robert S. Ryan, Co- 
lumbia Gas System Service Ce., Columbus, 
Ohio. 

“Gas Nitriding Stainless Steels”, by U.S. Cop- 
pola, Cameron Iron Work, Inc., Houston, Tex. 


Wednesday, May 11, 1960 


9:00 A.M. — Sheraton-Dallas Hotel 
Failure Analysis 


“Die and Tool Failures”, by R. F. Spillet, Cru- 
cible Steel Co. of America, Sanderson-Halcomb 
Works, Syracuse, N. Y. 

“Special Heat Treat Techniques”, by J. Turk, 
Paulo Products Co., St. Louis, Mo. 

“Toughening High-Strength Steels”, by Henry 
Fuchs, Metal Improvement Co., Los Angeles 

“Sucker Rod Pin and Coupling Fatigue Failures”, 
by A. A. Hardy, Sucker Rod Engineering and 
Research Director and W. C. Norris, Manufac- 
turer Div., Dover Corp., Tulsa, Okla. 


2:00 P.M. — Texas Hall of State, Fair Grounds 

Testing at High Temperatures 
“Thermodynamic and Physical Properties of Re- 
fractory Materials”, by C. L. Rosen, A. A. 
Hasapis and J. W. Wholley, Avco Research 

and Development Div., Wilmington, Mass. 
“Testing at Temperatures Over 2000° F.”, by 
D. F. Comstock, Arthur D. Little, Inc., Cam- 

bridge, Mass. 


Thursday, May 12 


9:00 A.M. — Hotel Adolphus 
Castings for High-Temperature 
and Corrosive Service 

be gg of Shell Molding to Valve Bodies”, 

y Dale Davis, Oklahoma Steel Casting Co., 
Tulsa, Okla. 

“A Status Report on Project Vulcan—a New 
Approach to the Problem of Casting Complex 
Parts in High-Strength Metals”, by Herbert 
Greenewald, Chance-Vought Aeronautics, Dal- 
las, Tex. 

“The Nature and Problem of High-Temperature 
Corrosion”, by John R. Schley, Manager, Tech- 
— Services, Haynes-Stellite Co., Kokomo, 
Ind. 
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2:00 P.M. — Hotel Adolphus 
Castings for High-Temperature 
and Corrosive Service 


“Titanium Castings”, by speaker from Oregon 
Metallurgical Corp., Albany, Ore. 
Panel Session on Casting. 


6:30 P.M.—Grand Ballroom, Hotel Adolphus 
Dallas Dinner Dance 
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Tentative Program 
Society for Nondestructive Testing 
Dallas, Tex., May 9 through 11, 1960 


Registration 
Members — $3.00, Nonmembers — $5.00 ($2.00 applicable to membership) 


Monday, May 9, 1960 


9:15 A.M. — Baker Hotel, Crystal Ballroom 


New Instrumentation and 


Techniques 

“X-Ray High Speed Motion Pictures for Reli- 
ability Parts Evaluation”, by J. L. Minos, Con- 
vair—Astronautics, San Diego, Calif. 

“Nondestructive Chemical Analysis With the 
Electron Probe Microanalyzer”, by L. S. Birks, 
U. S. Naval Research Laboratory, Washington, 
D. C. 

“Design and Development of a Low-Frequency 
Eddy Current Thickness Tester”, by Paul Dick, 
General Electric Co., Missile and Space Vehicle 
Dept., Philadelphia 

“Magnetic Field Sensing for Testing Instrumenta- 
tion and Control Applications”, by R. G. Hent- 
schel and H. L. Carbarino, Magnaflux Corp., 
Chicago 


2:00 P.M. — Baker Hotel, Crystal Ballroom 


“Parameters of In-Motion Radiography”, by B. A. 
Skelton, Chance-Vought Aircraft, Dallas, Tex. 
“Photomicrography of Small Radiographs”, by 
L. C. Wall, Eastman Kodak Co., Rochester, 
N. Y. 
“Advantages and Limitations of Thermographic 
Inspection of Brazed Honeycomb and Similar 
Structures”, by Robert Flournay, Magnaflux 
Corp., Los Angeles 
“Nondestructive Inspection of Jet Engine Parts ° 
With Eddy Current”, by R. L. Lipe, Oklahoma 
City Air Material Area, Oklahoma City 
“Optimal Radiographic Linac Designs”, by E. A. 
Burrill, J. H. Bly and J. C. Nygard, High Volt- 
age Engineering Corp., Burlington, Mass. 


Social Hour — 6:30 P.M. 


Tuesday, May 10, 1960 


9:00 A.M. — Baker Hotel, Crystal Ballroom 


“Helium Leak Testing Fuel Rods for the PWR 
Blanket”, by A. E. Oaks, Westinghouse Elec- 
tric Corp., Pittsburgh. 

“A Precise Method of Making Elastic Constant 
Measurements and Its Application to Material 
Engineering”, by Ralph H. Kenton and S. 
Joseph Baranowski, Magnaflux Corp., Chicago 

“Determination of Thermocouple Locations in 
Re-Entry Vehicles Using Penetrating Radi- 
ation”, by M. V. Grund, Avco Corp., Wilming- 
ton, Mass. 

“A Metal-to-Nonmetal Sonic Bond Tester”, by 
Frederick Himmelstein, General Electric Co., 
Missile and Space Vehicle Dept., Philadelphia 

“New Developments in Ultrasonic Transducers 
and their Application to Nondestructive Test- 
ing”, by John P. Bacon, Elion Ultrasonics, 

Bristol, Pa. 


12:30 P.M. —SNT Luncheon 
2:00 P.M. — Baker Hotel, Crystal Ballroom 


“Determination of Ultrasonic Velocity by Im- 
mersion Method”, by D. E. Kaufman, Los 
Alamos Laboratories, Los Alamos, N. Mex. 

“A Plutonium Handling Facility for Radiogra- 
phy”, by A. L. Dighton and W. D. Stump, 
Dow Chemical Co., Rocky Flats, Colo. 

“Eddy Current Inspection of Missile Compo- 
nents”, by A. E. Supplee, Aerojet General 
Corp., Sacramento, Calif. 

“The Role of the Nondestructive Test Engineer 
in Design and Specifications”, by D. E. Elliot, 
Los Alamos Laboratories, Los Alamos, N. Mex. 

“Nondestructive Testing in the Metalworking In- 
dustry”, by W. F. Alderson and T. A. Giltner, 
ACF. Industries, Albuquerque, N. Mex. 


Wednesday, May 11, 1960 


9:00 A.M. — Baker Hotel, Texas Room 


“Nondestructive Testing Applications of Radio- 
frequency Spectroscopy”, by William L. Roll- 
witz, Southwest Research Institute, San An- 
tonio, Tex. 

“Nondestructive Testing of Resistance Welded 
Oil Pipe”, by Bruce Dedman, Lone Star Steel 
Co., Daingerfield, Tex. 

“Nondestructive Testing of Tubular Products”, 
by W. A. Black, Republic Steel Corp., Cleve- 
land 

“Ultrasonic Focusing Lenses and Their Appli- 

cation”, by R. C. Stinebring, Westinghouse 

Electric Corp., Pittsburgh 


P.M. — Baker Hotel, Texas Room 


“Effect of Specimen Thickness, Cladding and 
Lift-Off Adjustment on the Conductivity of . 
7075-T6 Aluminum Alloy”, by D. D. Seltzer, 
Martin Co., Baltimore, Md. 
“The Potential of Thermal Techniques in Non- 
destructive Testing”, by J. R. Barton, South- « 
west Research Institute, San Antonio, Tex. 
“Detection of Particles in Liquids by the Use of 
Ultrasonics”, by Charles Albertson, Grumman 
Aircraft Engineering Corp., Bethpage, N. Y. 
“A Summary of the First National Symposium on 
Nondestructive Testing of Aircraft and Missile 
Components”, by William E. Cory, Southwest 
Research Institute, San Antonio, Tex. 
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Clad Steels in Petroleum Equipment 


Stresses in 
High-Temperature 
Corrosive Environments 


By WILLIAM H. FUNK* 


When used in a pressure vessel at elevated temperatures, 
steel plate clad with stainless steel 

will have a complex stress condition. However, 
experience with vessels in service indicates that 

such stresses are not detrimental. Tests and service data 
indicate that clad steels are good materials for 

refinery construction. (Q25, Q3, T29n; ST, SS, 8-66) 


Tue rerroLeum AND CHEMICAL processing industries use 
a large amount of stainless-clad steel plate for their reaction ves- 
sels. The reason, of course, is simple. A low-carbon steel plate 
clad with a thin layer of corrosion resistant stainless is less ex- 
pensive than a solid plate of the same stainless. Consequently, 
containers for hot corrosive liquids are frequently built with 
stainless-clad steel. 

In applying stainless clad for any specific purpose, considera- 
tion of service conditions is very important. When a container 
is to operate at an elevated temperature, we must understand 
how the material from which it is made will behave when sub- 
jected to varying stresses. In this paper, we intend to review 
some of the characteristics of austenitic stainless clad plates as 
observed in testing and in service. 


Types of Clad Steels 


Several types of clad or lined steels are available, and have 
been available for a number of years. For the integrally bonded 
type, three production methods have been used. The writer’s 
company produces “roll-bonded” clad by assembling the stain- 
less cladding material in a “sandwich” between two slabs of steel. 
This sandwich, appropriately coated and protected to encourage 
bonding on the desired interfaces, is sealed by welding around 

*Research Administrator, Lukens Steel Co., Coatesville, Pa. 
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the periphery. Then it is heated and rolled to 
bond the stainless to the backing steel. 

Of the other two methods, one is no longer 
used. In this, initial bonding was achieved by 
casting one of the materials against the other 
in an ingot mold. This bimetallic ingot was 
then rolled to plate gage and size after heat- 
ing. More recently, a brazing method (in which 
vacuum aids in producing an integral bond) 
has been developed. Though these three pro- 
duction methods all produce a clad product 
which has comparable characteristics, the first 
method is most widely used in industry. 

By contrast, there are methods of making a 
non-integrally bonded plate. Two methods use 
resistance welding to produce spot welds at 
predetermined intervals across the face of the 
clad plate product. These spot welds may be 
spaced so closely that they overlap in one di- 
rection and almost overlap in all directions. 
They can also be spaced to make a pattern of 
spots 2 to 3 in. apart along the length and 
width of the plate. 

Stainless sheet linings can also be plug 
welded to the inside of a steel vessel, or narrow 
strips of stainless sheet can be applied to the 
inside surfaces of a fabricated vessel. In the 
latter method, these strips are welded to each 
other and to the vessel wall. 


Materials Used in Clad Steels 


Selection of cladding materials is based on 
service requirements. These may demand sev- 
eral different characteristics. Along with being 
corrosion resistant, clad plates must be strong 
at elevated temperatures, must be easily fabri- 
cated, and must be economically satisfactory 
for the particular situation. Let us go back 
over the records and see just what types of 
materials in what gages have been used at some 
elevated temperatures. According to estimate, 
there are now more than 150 large vessels being 
used in the petroleum industry which are fabri- 
cated from the integrally bonded type of clad 
steel. Most of these have Type 304, 304 L or 
316 stainless cladding in them. Temperatures 
range from 950 to 975° F. in catalytic reactors, 
and up to 700 to 800° F. in desulphurizers. Ves- 
sel wall gages range from ¥ in. to nearly 4 in. 
in thickness, and the cladding thickness ranges 
from 5 to 25% of the total thickness. (In actual 
measurement, this is from 0.050 to 3/16 in.) 
Backing steels are one of the following: 
A.S.T.M. A-285, A-201, A-212, A-204, A-301, and 
A-387. As can be seen, these run from carbon 
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Table I — Stresses in Pressure Vessels Under 
Various Temperature and Pressure Conditions 


Srress Location CLappinc* 20% CLappinc* 


At 80° F. 
+30,500 psi. 
— 3,400 
+30,500 
+33,500 
In platet, cladding | +30,500 
Backing +15,350 
Atjointst,cladding +30,500 
Backing +33,500 | 
| At 800° F. | 
— 16,000 
+1,780 
+16,000 +16,000 
+23,500 +23,500 
+2,000 2,000 
+19,789 +22,000 
+16,000 +16,000 
+23,500 +23,500 


| +30,500 psi. 

~7,600 
+30,500 
+33,500 
+30,500 
+11,150 
+30,500 
+33,500 


In plate, cladding 
Backing 

At joints, cladding 
Backing 


— 16,000 


In plate, cladding | 
+4,000 


Backing 
At joints, cladding | 
Backing 
In plate f, cladding | 
Backing 
Atjointst, cladding 
Backing 


*Type 304 stainless clad on A-204C plate. Ves- 
sels stress-relieved after fabrication. 

tValues at operating pressure. (Other values were 
taken at “no pressure’’.) 


steel through silicon steels to carbon-molybde- 
num and chromium-molybdenum steels. The 
latter types are more suitable for elevated serv- 
ice. In other industries, clads of 18-8 types of 
stainless steel have been used where service 
temperatures have ranged as high as 1800° F. 

Physical tests (such as shear tests on the bond 
line, bend tests with the cladding in tension and 
compression, and tensile tests) show that the 
stainless is bonded strongly to the backing steels 
after the clad plate is annealed at 1950° F. in 
the production process. According to A.S.T.M. 
Specification A-264, the shear strength between 
the cladding and backing materials is required 
to be 20,000 psi. minimum. Also, bend and 
tensile test results must demonstrate conformity 
to test requirements for the two materials in- 
volved. Actual shear strengths of clad plate 
will be as high as 45,000 psi. Additional tests 
on clad plates of 18-8 type stainless involved 
20 cycles of heating to and quenching from 
1800° F. There was no evidence of weakening 
or failure at the bond. 

In further work, annealed samples of 20% 
Type 347 stainless-clad plate were heated at 
1100° F. and water quenched to below 400° F. 
a total of 2000 times. Standard A.S.M.E. shear 
tests, which were made at intermediate points 
and after the 2000 cycles, indicated that the 
bond had not weakened or failed. Microscopic 
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examination showed that shearing usually oc- 
curred in the backing steel rather than along 
the bond line. This is understandable if we 
recognize that the nickel surface of the stain- 
less steel cladding diffuses into and alloys with 
the backing steel. The strength of this band 
generally exceeds that of the backing steel. 

Using the known characteristics of austenitic 
types of stainless steel and of carbon. steel, 
it is possible to calculate the theoretical elonga- 
tion and internal stresses which may occur in a 
clad plate when it is raised to a higher tem- 
perature. Under most conditions the stainless 
cladding will be restrained, because of its 
attachment to the thicker carbon steel. Internal 
tension stresses will develop in the cladding ma- 
terial as the temperature of the plate is raised. 
Inasmuch as the internal stresses in the clad 
plate must be in equilibrium, the stress in the 
backing material caused by the rise in tem- 
perature will be opposite in sign (compression ). 
The magnitude relationship will be the same 
as the cladding thickness is to the backing steel; 
that is, with a 20% austenitic stainless clad 
plate, the stress in the cladding material will 
be four times the stress in the backing material. 

To this point, we have been discussing 
stresses in a general manner. Let us now dis- 
cuss a practical application. Consider, for 
example, a stainless-clad pressure vessel which 
is heat treated immediately before placing it in 
service. Usually, this treatment will be for 
stress-relief, and the stress-relieving tempera- 
ture will generally be from 1000 to 1150° F. In 
a clad vessel at room temperature after a stress- 
relief treatment, the cladding is at or near the 
cold yield strength in tension, and the backing 
material is under some slight compression stress. 

Knowing this, we can determine the stress 
situation which would result when heating the 
vessel up to 800° F. In Table I we show the 
probable stresses* in 10% and 20% Type 304 

*It will be noted that the table shows no stresses 
above the yield point for the materials considered. 
Actually, according to the calculations, this is some- 
what in error. For example, in the 10% Type 304 
stainless-clad vessel, the calculated stress in the 
cladding at 800° F. with no pressure is 50,000 psi. 
compression. Under such a condition, it is very 
possible that the yield strength of the stainless 
dominates the actual stress level. and the internal 
stress in the cladding due to thermal expansion 
will be about 16,000 psi. It means additionally 
that the stresses in both the cladding and the back- 
ing materials do not change in value in a linear 
manner when going from one temperature to 
another several hundred degrees above or below. 
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stainless cladding on A-204 grade C backing 
material at both 80 and 800° F. Stresses in the 
clad plates of an assumed vessel, in an area free 
from the influence of external loads or restraints, 
will be greater, in general, than they would if 
the same vessel were made of carbon, alloy, or 
stainless materials. However, inasmuch as we 
know that vessels are not fabricated without 
some residual stress existing at joints or at areas 
of discontinuity, even after stress-relieving, it 
is pertinent to look at the comparison of stresses 
at these locations. When we do this, we dis- 
cover that maximum stresses are the same, 
whether the stressed material is carbon, alloy, 
or stainless material, or whether it is stainless- 
clad material. 

Concerning the possibilities of creep in the 
clad vessels, our conclusions concur with the 
stated opinions of others who have studied this 
subject. We feel that creep in clad plate is no 
greater and no more detrimental than that 
which would be observed for plates of carbon, 
alloy, or stainless steels under the same operat- 
ing conditions. 


Clad Cylinder Tests 


These opinions are reinforced by some test 
results observed after cycling stainless-clad cyl- 
inders between 200 and 1000° F. These cylin- 
ders were 8 in. O.D. by 12 in. long, clad 
with Type 304 on the inside. Two different 
methods were employed in making the weld 
joints. 

After heating and cooling the cylinders 
through 1000 cycles, the clad plate was tested. 
Tensile strength, yield strength, elongation and 
reduction of area where the same as observed 
before the testing was begun. The bond 
strength of the cladding to the backing steel 
also had not been adversely affected, while 
examination (by microscope) of the materials 
in the cylinders showed no change in structure 
and no indication of fissures. 

Also, in the weld joints there were no indica- 
tions of any structural deterioration or fissuring. 
Apparently, the weld joint is not critically 
affected by thermal stresses if it is made accord- 
ing to normal good procedures. 


Experience at 1500 to 1800° F. 


The previous test, however, was limited be- 
cause the cycling procedure did not allow a 
hold at 1000°F. To ascertain what would 
happened if a clad were held for a longer time 
at an elevated temperature, practical experience 
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is needed. As mentioned earlier, there are some 
instances where austenitic types of stainless- 
clad steel are being used at temperatures above 
1500° F. 

In some metal reduction processes, retorts, 
clad with Type 304 stainless, are used as an 
enclosing chamber. Vertical during operation, 
these retorts are suspended from a flange near 
the top of the vessel. Operating conditions call 
for cycling from 100°F. to at least 1500’ F. 
two or three times daily. After a number of 
cycles, it is natural to expect that distortion 
caused by weight will make necessary some 
reworking. These stainless-clad retorts can be 
resized several times before they must be per- 
manently discarded because the wall is too thin, 
or the cylinder section is too long. Service 
life of the retort, including the resizing, has not 
detrimentally affected the bond strength of the 
clad plate. 

As another example, rectangular tanks fab- 
ricated of stainless-clad steel are used for salt 
baths. In various shops, these salt baths will 
range from 1000 to 1500°F. Service condi- 
tions dictate, of course, that these bath temper- 
atures be maintained for long periods of time 
without cooling down. Austenitic-type stain- 


less clad steel plates have held up very satis- 
factorily under this type of service condition. 


Laboratory Work Confirms Theory 


Several years ago, an evaluation program was 
sponsored in an independent industrial labora- 
tory to confirm the theoretical data previously 
discussed. Specifically, thermal expansion and 
internal stress data were desired. For this 
purpose, test cylinders were fabricated. One 
was 10% Type 304 stainless clad with A-201 B 
backing steel; the other was 20% Type 304 stain- 
less clad with A-285C backing steel. After 
rolling to shape, the cylinders were welded with 
one longitudinal seam so that the stainless weld 
metal did not penetrate below the bond line 
of the clad plates. Annealing and air cooling 
from 1950° F. followed fabrication. 

Testing was done in an electrically heated 
oven which was provided with ports along a 
side wall so that optical measurements of expan- 
sion could be made of the cylinder as it was 
being heated and cooled. Gage marks, 24 in. 
apart, were placed on the outside of the cylinder 
wall. For the test, a cylinder was suspended 
in a loop of chain at both ends so that it was 
free to move in an unrestrained manner when 
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Temperature, °F. 


« Increasing Temperature 
Decreasing Temperature 


» Room Temperature 


0.10 0.20 
Elongation, In. 


Fig. 1 — Expansion of Clad Steel With Change in 
Temperature. In this test, actual values depart 
from the theoretical curve because the zone of 
plastic deformation is entered (at about 1100° F.). 
A 20% clad cylinder was used in this test 


the temperature changed. Actual temperature 
measurements were made with iron-constantan 
thermocouples embedded into the walls of the 
test cylinders. 

As temperatures were raised and lowered, 
the distances between the gage marks were 
measured at intervals approximaetly 100° F. 
apart. Maximum expansion in the 10% clad 
cylinder at 995° F. was 0.180 in. and in the 
20% clad cylinder at 992°F. was 0.182 in. 
These measured values conform very closely 
with the computed expansion. 

In a third test (made with the 20% clad 
cylinder ), the specimen was heated to 1237° F. 
to determine whether some plastic deformation 
might take place at this temperature. The 
results of this test (Fig. 1) suggest that at about 
1100° F. the cylinder movement deviated from 
the elastic curve. Upon return to room tem- 
perature, there was a permanent elongation of 
about 0.027 in. 

These tests, made under exacting procedures, 
demonstrated that the clad plate when heated 
will actually respond in a manner which can 
be calculated. 
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Fig. 2— Thermal Bausch- 
inger Effect on Clad Steel. 
Curves 1, 2, and 3 repre- 
sent runs in which the 
temperature exceeded 
950° F. but stopped below 
1400° F. About 0.004 in. 
growth resulted. In run 
No. 4, which stopped be- 
low 950° F., there was no 
growth. When the transfor- 
mation temperature is ex- 
ceeded, as in run No. 5, an- 
other characteristic curve 
results. However, there is 
always permanent growth 
when 950° F. is exceeded 


Temperature, °F. 


In our own laboratories, we examined still 
further the phenomena of short-time creep or 
plastic deformation at elevated temperatures. 
With a dilatometer arrangement, small speci- 
mens of 15% Type 304 stainless cladding on 
A-285 backing steel were heated and cooled 
through various temperature ranges. These 
tests confirmed, in greater detail, observations 
made on earlier thermal experiments. The 
thermal Bauschinger effect* in  stainless-clad 
plates, as shown in Fig. 2, is one more piece of 
evidence that stainless-clad plates will behave 
in a manner similar to other ferrous materials. 
These curves show that, on the average, each 
cycle of temperature exceeding about 950° F. 
is accompanied by a net growth of the sample 
of about 0.004 in. per cycle. 

Other data show that the Bauschinger effect 
was manifest by heating above 950° F. with 
holding times (at maximum temperature ) 
which range from 15 min. to 4 hr. The same 
order of growth per unit was observed in speci- 
mens with percentage of clad material varying 
from 8 to 27%. Also, it was observed that for 
more than 20 cycles of heating one specimen the 
same growth of approximately 0.004 in. per 
gycle continued to result. 

*This is the phenomenon by which plastic defor- 
mation of a metal increases the yield strength in 
the direction of plastic flow, and decreases the vield 
strength in the opposite direction. 


MAY 1960 


0.020 0.040 0.060 


Increment in Length, In. 


Conclusions 


Test data from both laboratories and indus- 
trial service suggest that austenitic stainless 
clad steels have predictable behavior character- 
istics when subjected to heat. Even though the 
stainless cladding material and the carbon steel 
backing have different basic properties, the net 
effect in a composite plate form does not appear 
to be detrimental for service up to 1000° F. In 
observing that the stainless cladding material 
might very well be stressed at yield point levels 
when the material is hot (and even when it is 
in the cold condition ), one must recall that this 
is not necessarily detrimental to the perform- 
ance of the complete vessel. After all, great 
plastic deformations can only occur if the mate- 
rial yields throughout its whole thickness.t 

Stress calculations in both the stainless clad- 
ding and carbon steel backing materials appear 
to be satisfactorily confirmed under test condi- 
tions. Stresses are theoretically of a low order 
of magnitude in the backing steel. Practically, 
they can be considered of secondary importance 
compared with the unknown level of stresses 
(probably of high magnitude) existing in areas 
of discontinuity in the pressure vessel. ) 


“Stresses in Welded Pressure Vessels”, by 
W. P. Kerkof (N. V. deBataafsche Petroleum 
Maatschappij, The Hague, Netherlands) , Welding 
Journal Research Supplement, January 1956. 
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Cladding Steel With Titanium 


...@ Progress Report 


By J. L. MA and 
C. WRIGHT, Jr.* 


Because it resists attack by many corrosive liquids, titanium in sheet form 

is an attractive material for vessels used in chemical and processing industries. 
However, its high cost makes it uneconomical for this purpose. 

The solution? Clad a thin veneer of titanium to low-alloy steel plate! 
When mechanical difficulties are solved, titanium-clad plates 

of many sizes and gages will be available. (L22; ST, Ti) 


Because TITANIUM  RESISTS CORROSION by 


nitric acid, wet chlorine, sea water, and many 
other corrosive liquids, it is of great interest to 
the chemical, food, and other process industries. 
However, the high price of solid titanium re- 
stricts its use. The obvious answer is cladding. 
If steel could be successfully clad with a layer 
of titanium, this would offer not only consider- 
able cost savings to potential users, but also a 
greater variety of gage and size of plates which 
are not available in titanium mill products 
alone. 

However, to produce a strong bond many 
problems must be overcome. For one thing, 
titanium is a highly reactive metal. It absorbs 
oxygen, nitrogen and hydrogen at elevated 
temperatures, and is apt to form brittle inter- 
metallic compounds with most of the common 


*Research Department, Lukens Steel Co., 
Coatesville, Pa. 
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metallic elements. Of course, such compounds 
cannot be allowed in the bond zone if strong 
and ductile metallurgical bonds are to be 
achieved. 

Despite these difficulties, we at Lukens Steel 
have been interested in titanium-clad steel for 
the past ten years. During that period, our suc- 
cess in producing satisfactory titanium clads on 
steel has ranged from fair to good. Since we 
were aware that titanium forms a brittle inter- 
metallic compound with iron, most of our early 
work was done with what might be called 
“sandwich assemblies”. In other words, we 
used a thin layer of some other metal between 
the titanium veneer and the steel base. 


Titanium-Copper-Steel 


Copper platings were employed in our first 
tests. We began work by electrolytically plat- 
ing about 3 mils of copper on the surface of the 
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Fig. 1 — Tension, Compression, and Side Bend 
Tests of Titanium Clad on a Low-Alloy Back- 
ing Steel. These 180° bends indicate that both 
the clad and the base steel remain ductile 


titanium to be bonded to carbon steel. Hoping 
that the copper coating would bar diffusion be- 
tween the titanium and the steel, we assembled 
the plates into a sealed sandwich. This was 
rolled from about 5 to 1 in. thick with one re- 
heating. 

However, the result was disappointing. The 
copper-plated titanium had not bonded to the 
steel. In fact, the titanium separated easily 
when it was tapped lightly with a hammer, and 
the titanium itself also fractured, indicating 
that it was extremely brittle. (This condition 
also existed in the as-received titanium strip. ) 


Titanium-Nickel-Steel 


Next, we tried plating a nickel layer on the 
bonding surface of the titanium. Rolling tem- 
perature was held below 1500° F. and the time 
at temperature was limited to less than 1 hr. 
Ata minimum reduction of 50% (by either press- 
ing or rolling), we obtained titanium-clad steel 
bars with bond shear strengths ranging from 
15,000 to 49,000 psi. This strength, however, 
dropped progressively when the clad was sub- 
jected to reheating cycles at 1350 to 1550° F. 
Similar experiments using chromium plating in- 
stead of nickel failed to produce a good clad. 


Titanium Sponge on Mild Steel 


We then attempted to clad a fused titanium 
sponge to steel plate by a vacuum fusion opera- 
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tion. The assembly was heated under vacuum 
to 2100° F. in 4 hr., held at temperature for 
1 hr., and cooled to room temperature in 4 hr. 
Interdiffusion during heating formed a eutectic 
titanium-iron alloy, which in turn melted and 
spread over the surface of the steel plate. On 
cooling, the fused material formed a dense, in- 
tegrally bonded coating of titanium-iron alloy. 

By careful process control, a titanium-clad 
steel plate measuring 138 x 85 x 0.25 in. was 
successfully produced. The fused and sintered 
titanium coating was hard and brittle, but was 
ductile enough to be cold formed. Eventually, 
this large plate was formed into three shell sec- 
tions, 48 in. in diameter and 46 in. high. How- 
ever, the demand for this item (which was used 
in a reactor, incidentally) was too small to 
justify further development. 


Titanium-Vanadium-Steel 


Vanadium is one of the few elements that 
remain in solid solution with titanium over the 
whole range of composition. Also, no brittle 
intermetallic compound forms between the two. 
Obviously, such a system was promising. 

We began our work with the Ti-V-Fe system 
by forming sandwiches of the three elements. 
A thin foil of vanadium (0.003 or 0.01 in. thick) 
was inserted between the titanium and the 
backing steel. Next, the sealed assemblies (pro- 
tected by argon) were heated to 1700° F., and 
subsequently pressure-bonded on a hydraulic 
press. Clad formed by this method was ex- 
tremely ductile, and negotiated 180° bends suc- 
cessfully. The clad bond also remained strong 
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Table I— Summary of 


Experimental Results on Titanium Clad Steel 


impossible, to duplicate the required 
conditions in mill-size production. An- 


SHEAR STRENGTH, 


other reason for discontinuing this ap- 
proach is the high cost of silver foil 


BoNDING 
PRESSURE As 


BACKING 
STEEL*® 


AFTER REHEATING f 


— $1.15 to $1.40 a troy ounce. 


PRODUCED A 


Cc Titanium on Low-Alloy Steel 


A-302 
A-302 
A-202 
A-204 
A-387 D 
A-387 D 
A-387 D 
A-387 Dt 
A-387 Dt 
A-387 Di 
A-387 Ct 


100,000 psi. 
50,000 
150,000 
150,000 
150,000 
100,000 
50,000 
100,000 


31,950 
30,000 
32,500 | 29,500 
44,800 | 39,900 
31,900 

26,900 | 27,000 
28,700 | 31,000 
31,200 | 29,250 
100,000 24,000 | 40,050 
100,000 23,500 | 29,300 
100,000 


10,850 
25,350 


32,900 
29,500 


27,800 
39,300 


25,300 
31,200 


as To date, the most economical and 
“ practical system we have developed is 
to clad titanium directly to a low-alloy 
steel such as A.S.T.M. A-202, A.S.T.M. 
A-204, or A.S.T.M. A-387, Grades C 
or D.* By using the sandwich tech- 
niques with any of these alloys as the 
backing steel, the writers have had not- 
able success in producing strong and 


*A.S.T.M. designations. 


tReheating — A =1400° F., 2 hr., air cool; B=8 cycles 
of 1400° F., 2 hr., air cool; C = 1650° F., 30 min., air cool. 
tTest plate dimensions were 4 X 4 X 36 in.; all others were 


2%2 38 in. 


and ductile even after repeated heatings up to 
1400° F. 

Nevertheless, there are drawbacks. At pres- 
ent, vanadium foil or sheet is available only in 
widths up to 6 in. and costs $35 to $60 per Ib. 
Thus, the titanium-vanadium-steel system re- 
mains commercially unimportant. 

Silver is another metallic element that is rela- 
tively compatible with both titanium and steel, 
and bonds produced with silver have been suc- 
cessful — at least in the laboratory. However, 
the control of temperature, atmosphere and 
time of heating must be extremely exact to 
avoid excessive migration of the silver into the 
titanium. We feel it would be difficult, if not 


Fig. 2—Titanium Clad on Croloy 1% Low- 
Alloy Steel. On the left, the clad is in the as- 
pressed condition; on the right, the clad has been 
heated eight times to 1400° F. Each holding cycle 
lasted 2 hr. Etched in HF and HNO; 250 x 


ductile metallurgical bonds between 
the titanium and the steel backing. The 
results of the experiments are summar- 
ized in Table I. All shear strengths of 
the titanium-clad steels so produced ex- 
ceed the A.S.T.M. minimum require- 
ment of 20,000 psi. for stainless-clad 
steels. In most samples, the bond strengths are 
little affected by reheating at 1400°F. Up to 
eight heating cycles of 2 hr. each were used in 
testing. Ductility of the clad steel is indicated 
by the successful 180° tension, compression, and 
side bends illustrated by representative samples 
in Fig. 1. 

Metallurgically, it appears that either molyb- 
denum or chromium in the backing steel slows 
the formation of intermetallic compounds be- 
tween titanium and iron. Figure 2 illustrates 

*These A.S.T.M. specifications refer to low-alloy 
steels used for boilers and other pressure vessels. 
All of these alloys contain 0.15 to 0.25% C. 
Chromium, manganese, and silicon are the alloying 
elements in A-202, molybdenum is the alloying 
element in A-204, and chromium and molybdenum 
are the alloying elements in A-387, Grades C and 
D. As for trade names, Chromansil, Croloy 1%, 
and Croloy 244 meet A-202, A-387 C and A-387 D 
specifications, respectively. 
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Fig. 3— A Large Titanium-Clad Steel Plate, 135 x 49% 
x 15/16 in.; Croloy 1% is used for the backing plate 


the microstructure (as-pressed and after heat- 
ing) of a titanium clad on a backing steel con- 
taining chromium and molybdenum (Croloy 
114). Note that the intermetallic zone is rela- 
tively free of diffusion between the titanium 
and the steel. 

Encouraged by the successful laboratory re- 
sults, we made an attempt to produce a large 
clad steel plate, 135 x 49% x 15/16 in. This 
plate, shown in Fig. 3, was 100% bonded in the 
as-rolled condition, as indicated by reflecto- 
scope testing. Unfortunately, during later op- 
erations, the titanium absorbed hydrogen in the 
pickling bath and was embrittled so that the 
plate could not be successfully formed. How- 
ever, laboratory tests have shown that the 
hydrogen in the titanium can be considerably 
reduced by vacuum degassing at 800 to 1550” F. 
Since our plant is not equipped to degas plates 
of this size now, the plate has been stocked 
until degassing facilities become available. 

Subsequent attempts to produce titanium- 
clad steel in production facilities have been 
reasonably successful. Assembly size is also 
an important factor. For example, at the pres- 
ent time the size of the titanium-clad steel plates 
that can be produced with consistent properties 
is around 50 x 72 in., in gages of 14 to 1 in. 
Beyond these limits, the results are somewhat 
erratic. Chief difficulties appear to be in me- 
chanical design of the assembly to avoid con- 
taminating the titanium during heating and 
rolling. These difficulties, however, are gradu- 
ally being overcome, and larger plates of 
titanium-clad steel are expected soon. 

If the clad plate is 100% bonded, hot forming 
should not be a problem. Figure 4 illustrates 
a dished and flanged head, 30 in. in diameter, 
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formed from titanium-clad steel plate by press- 
ing at 1200° F. 

In conclusion, making titanium-clad steel by 
the roll-bonding method is technically feasible. 
Although the successes with the titanium-to- 
low-alloy steel bonding system are still limited 
by the plate sizes which can be made with con- 
sistent good quality, present difficulties are 
largely mechanical rather than metallurgical. 
When these are solved, steel plate clad with 
titanium will be available in many sizes. @ 


Fig. 4—This Flanged and Dished Head of 
Titanium-Clad Steel Is 30 In. Diameter. Back- 
ing material is A.S.T.M. A-204 low-alloy steel 
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Criteria for Selecting Metals 
Used in Chemical Plants 


By GEORGE A. NELSON* 


There are about 60 ways metals can fail while exposed to 


the rigorous environments in chemical equipment. Most of the failures 
can be traced to metallurgical phenomena. The newer metals 
and improved alloys will broaden the horizons of the 


Tue METAL Most COMMONLY USED for 
equipment in oil and chemical plants is ordi- 
nary mild steel. The amount of special metals 
employed is, in general, quite small in com- 
parison. For example, an estimate made a 
short time ago on the amount of special metals 
used by the oil industry revealed that 98% of 
the metal in an oil refinery is plain carbon steel. 
The balance — 2% —includes brass condenser 
tubes, stainless steel liners, and special fittings 
for corrosive services. It was also estimated 
that for every barrel of throughput each day, a 
ton of equipment is needed. Thus, a 100,000- 
barrel-per-day plant weighs 100,000 tons, of 
which 2,000 tons is of a special metal and the 
balance is carbon steel. 

This illustration of special metals used in 
oil refineries does not apply to all chemical 
plants, which often require special materials 
to avoid corrosion, contamination or product 
degradation. Generally, it is estimated that 
chemical plants will use steel for 90 to 95% 
of their requirements. This includes all utilities, 
tankage and structural steel. The balance — 
5 to 10%—will be special metals or non- 
metallics. 

*Staff Metallurgist, Shell Development Co., 
Emeryville, Calif. 
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chemical processing industry. (T29m, Q-general, R-general, 2-62; SGA-g, SGA-h) 


How Metals Fail 


The ideal chemical plant is one that operates 
continuously at maximum capacity. This ideal 
situation is rarely attained, and shutdown of 
plants is required for maintenance of equip- 
ment. Some reasons for shutdown are fouling, 
loss of catalyst activity, metal failures and re- 
vamping of equipment. While many of the 
reasons for plant shutdowns are outside the 
interest of the metallurgist, there are numerous 
others in which he has a definite responsibility. 

To determine the extent to which material 
failures have contributed to plant maintenance, 
a survey of eight chemical plants and nine oil 
refineries was conducted. To summarize the 
results, it was found that there are about 60 
ways in which metals or equipment can fail 
while being exposed to the rigorous environ- 
ments of the chemical industry. Most of the 
failures could be traced to metallurgical 
phenomena. There were other failures, such 
as deterioration of wood in cooling towers, leak- 
ing of gaskets and packing or failure of lubrica- 
tion systems. 

The metal problems were grouped under 
headings which designated the prime reason 
for the failures. By this method, a semblance 
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Fig. 1 — Carbon Steel 
Furnace Fitting Em- 
brittled by Aging Aft- 
er Seven Years’ Expo- 
sure at 800 to 900° F. 


of order was indicated which offered a reason- 
able chance of developing criteria which could 
be used when a new plant was constructed or 
when an old plant was being remodeled. 


Problem Areas Defined 


Two outstanding categories of problems were 
established. These are temperature and corro- 
sion. The most important factor is tempera- 
ture, since it, above all others, produces changes 
in steel structures which render them unsuitable 
for use except in a narrow range. When ac- 
companied by stress, or exposed to gases, the 
influence of temperature is magnified. Using 
the factor of temperature as the prime cause of 
failure, the following list of metallurgical fac- 
tors was established: 

Temperature Only 

Transition temperature (brittle fracture) 

Aging 

885° Embrittlement 

Graphitization 

Sigma formation 

Temperature Plus Stress 

Creep 

Thermal stresses 

Thermal fatigue 

Temperature Plus Gases 

Air and oxidizing gases, such as steam, carbon 
dioxide and furnace gases 

Hydrogen sulphide 

Hydrogen 

Hydrogen sulphide plus hydrogen 

Nitrogen 

Carbon monoxide 

Vanadium pentoxide 


Failures Attributed to Temperature Only 


All of the problems created by temperature 
only are due to phases or structures initially 
present in the steel or to precipitation of com- 
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pounds after exposure to high temperatures. 
The presence of these phases can result in 
brittle fracture. 

Transition temperature has been widely 
studied, but even so commercially available 
carbon steel plates are generally unsatisfactory 
for prevention of brittle fracture. Carbon steel 
is prone to brittle fracture because of its crystal- 
lographic structure. Ferritic steel has a body- 
centered cubic lattice which has one cleavage 
plane and thus is sensitive to easy fracture. In 
contrast, austenitic steel, with a face-centered 
cubic lattice, has no cleavage planes and can 
fail only by shear. 

Certain carbon steels are produced under 
controls which improve their transition tem- 
perature slightly. To improve resistance to 
brittle fracture, as a result of transition temper- 
ature, it appears that lowering the carbon 
content and raising manganese are beneficial. 
Boron, nitrogen and phosphorus seem to be 
harmful, whereas silicon, aluminum and nickel 
appear to be beneficial.* 

Failures by brittle fracture can occur during 
hydro static testing when the vessel is over- 
loaded and the water temperature is below the 
metal’s transition temperature. A defect in a 
weld, if located at the proper point, can trigger 
a crack, then catastrophic failure results. 

Aging results from precipitation of structures 
or compounds after the steel is exposed to 
elevated temperature for an extended period 
of time. Brittleness from these precipitates is 
particularly apparent at ambient temperatures. 
Thus, care should be exercised during shut- 
down periods to avoid sharp heavy knocks or 
jarring of equipment. When the plant is re- 
started and temperatures rise above 200° F., 

*“Pressure Equipment for Low-Temperature 


Service”, by C. R. Soderberg, Jr., A.S.M.E. Preprint 
No. 58-MET-9, 1958. 
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ductility is again restored to the aging steels. 
Figure 1 shows the brittle appearance of a 
carbon steel fitting which broke after several 
years’ exposure at 800 to 900° F. Fully killed 
steels having a minimum nitrogen content offer 
some protection against aging and strain aging 
failures. 

Embrittlement at 885° F., occurring in high- 
chromium steels, is caused by precipitation of 
a chromium-phosphorus compound after ex- 
posure at 700 to 1000°F. The use of these 
steels at high temperatures is generally avoided. 

Graphitization of steel is the breakdown of 
iron carbide into small particles of graphite 
and iron after extended exposure at elevated 
temperatures. The normal structures of carbon 
and low-alloy steels are metastable even in the 
annealed condition. The formation of graphite 
occurs very slowly at 850° F. and increases with 
rising temperatures with a maximum rate at 
about 1025° F. As a general trend, aluminum- 
treated steels (over 1 Ib. per ton) are more prone 
to graphitization than silicon-treated steels. 

Unless the graphite particles are arranged 
in a chain-like form, they are of no more con- 


Fig. 2 —Cross Section of Furnace Pipe 
Shows Creep Due to Flame Impingement 


sequence than the usual inclusions found in 
steel. However, near welds, the chain-like 
form may be present and brittle failure may 
occur. Failures by graphitization are rare; 
they can be prevented by using a steel contain- 
ing a minimum of 0.70% Cr. 

Sigma embrittlement in high-chromium and 
austenitic stainless steels is due to precipitation 
of an iron-chromium phase from free ferrite in 
the structure. Precipitation of this phase is 
principally along the grain boundaries; this 
causes brittleness, which is particularly evi- 
dent when the plant is shut down for repairs. 
Sigma may be found in heat resistant castings 
used for tube supports and in furnace fittings 
operating at about 1200°F. Sigma formation 
in high chromium-nickel alloys is considerably 
reduced by the use of a balanced composition 
of A.S.T.M. Specification B-190. Other alloys 
which are free from sigma-forming compounds 
are also available. 

Another type of brittleness in ductile steel 


Fig. 3 — This Stainless Tube Was Ex- 
posed to 1300° F. on the Outside 
While Transporting Water on the 
Inside. The shocks of repeated 
strains by the boiling water caused 
failure of the tube by thermal fatigue 
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Fig. 5 — Section Through Carbon Steel Pipe 
Handling Oil Containing Sulphur. A part of 
the pipe is in the 850° F. range where no cor- 
rosion takes place compared with slightly lower 
temperature where corrosion is very heavy 


9% Cr, 1% Mo 
Steel 


20 


18-8 Cr-Ni 
Stainless Steel 


500 600 700 800 Fig. 4—Comparison of the Corrosion 
- Rates of Different Steels in the 550 to 900° 


Temperature, °F. F. Range in Crude Oil Containing Sulphur 


Fig. 6 — Operating Zones for Carbon and Alloy Steels in Hydrogen Service 
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Residual Stresses in Heat Exchanger Tubes” 


Heart ExcHANGER AND CONDENSER TUBES 
are widely used by the oil and chemical indus- 
tries. An estimate of the amount used in oil 
refineries has shown that about 40 ft. of tubing 
is required for each barrel of installed capacity. 
With U.S. refining capacity of 8,000,000 bar- 
rels per day, this amounts to 320,000,000 ft. of 
tubing. The tubes are usually steel, admiralty 
metal, or 18-8 stainless steel. Size is generally 
%4 in. O.D., 16-gage wall, with lengths run- 
ning up to 20 ft. 

These metals usually perform well, giving 
service for five to ten years and sometimes 
longer. In some instances, however, the oper- 
ating life has been very short —a matter of a 
few weeks. Failure in many of these instances 
has not been caused by excessive corrosion but 
has been due to fine pitting followed by prolific 
cracking. These cracks are found in both 
longitudinal and transverse directions. They 
are typified by a branched transgranular crack 
indicative of stress-corrosion cracking. 

To investigate the problem, a subgroup was 
appointed by Subcommittee IX of A.S.T.M. 
Committee A-1 on Steel. A few examples of 
failed tubing will be given to illustrate the 
problem. 

Brass — Several failures of brass tubing were 


* Based on a report presented by Mr. Nelson at 
the A.S.M. Golden Gate Metals Conference, San 
Francisco, Feb. 6, 1960. 


reported to the committee. Not all failures 
could be traced to process streams containing 
the commonly blamed ammonia er mercury 
salts. Trouble was reported with a lubricating 
oil cooler in a chemical plant, in equipment 
handling cyclohexane plus sodium chloride, 
and in a system of propylene-butane plus 
sulphur dioxide. 

Figure 10 (p. 134) shows the appearance of 
an admiralty brass tube which had failed in 
steam condensate service after 11 months. 
Failure was from the outside. Traces of 
ammonia (5 ppm.) were suspected as the cause 
of the cracking. General corrosion was very 
slight. Another admiralty tube failed after 
eight months in a process stream containing 
propylene and butane with traces of sulphur 
dioxide. A myriad of cracks along the wall 
was evident. 

In another instance, a tube made of alumi- 
num brass failed after one year in steam con- 
densate service. Sea water was on the inside 
of the tube. Many transverse cracks were evi- 
dent. In addition, other examples were re- 
ported of components which had failed due to 
fabrication stresses in the rolled area, severely 
bent coils, and in finned tubing which was 
highly stressed. 

Carbon Steel— Failures of carbon steel 
tubing were principally confined to the area 
immediately around the rolled-in  section.t 


results when temperatures drop to very low 
levels. Considerable processing of gases is 
done as low as — 320°F. While there are 
certain types of carbon steel which can be pro- 
duced to have ductile properties down to 
— 50° F., the use of other metals is required 
beyond this point. Austenitic steels, alumi- 
num, copper and nickel alloys are all ductile 
down to —320° F. 


Problems Arising From Temperature 
Plus Stress 


When stresses are applied to metals while 
at high temperature, several problems are en- 
countered, Creep in metal below the yield point 
is created by four factors: (a) metal tempera- 
ture, (b) stress, (c) metal composition and 
(d) strain rate. 


S4 


The phenomenon of creep is a plastic de- 
formation in the grain structure of the metal. 
Below 700°F., creep is not appreciable in 
carbon steel; accordingly, wide use of this 
metal is found in this range with allowable 
stresses based on ordinary tensile test informa- 
tion. Above 700° F., creep becomes significant 
and allowable stresses are set at levels where 
appreciable deformation does not occur. 

These stresses are established by the A.S.M.E. 
code which has allowances for creep and creep- 
rupture strength. Very critical design limit 
is considered to be 1% in 100,000 hr., although 
1% creep in 10,000 hr. is often used. Carbon 
steel creeps at 700 to 1100° F., and molybdenum 
is added to give alloys with higher strength. 
Above a temperature of 1100° F., carbon steel 
oxidizes rapidly and highly alloyed materials 
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The services reported were those involving 
caustics at high temperature. For relief of 
stresses created by rolling-in operations, a 
thermal treatment was advocated. Where 
thermal stress-relieving cannot be done and 
caustic solutions are on the outside of the tubes, 
a recommendation was made that rolling be 
stopped ¥4 in. from the back side of the tube 
sheet. 

An example of accelerated corrosion as a 
result of stress is illustrated by two pieces of 
pipe in a line handling strong sulphuric acid, 
which had been welded together. One piece 
+The “rolled-in section” is the area immediately 
to the front or back of the tube sheet. In fabricat- 
ing heat exchanger elements, the tube sheets or 
plates are drilled with sufficient holes for insertion 
of the tubes. Holes are usually 0.007 to 0.010 in. 
larger than the outside diameter of the tubes. After 
tubes have been inserted, the ends are expanded 
to a tight fit by means of expanding rollers. In this 
operation, expansion obviously stretches an area 
immediately back of the tube slot which is ex- 
panded from its original diameter to the new diam- 
eter of the hole in the tube sheet. The stresses in 
this area are of yield point magnitude, and with this 
high stress level, many failures have been reported. 
At the front of the tube sheet, it is sometimes the 
practice to “flare” the tube ends for purposes of 
streamlining the flow of the entering liquid. In 
critical services, the “flares” have cracked. 

The portion of the tube confined between the 
front and back of the tube sheet very seldom gives 
trouble. Mechanical analysis of the forces encoun- 
tered in this area show the metal to be under com- 
pression. Since stress-corrosion cracking can only 
occur in material in tension, this compressed zone 


should be free from cracks. 


Stress-Corrosion Cracking in Stainless 
Pipe, Due to High Tension Stresses 


developed heavy corrosion with a Liider line 
pattern while the piece on the opposite side 
of the weld showed no Liider lines and no 
corrosion. Although no tests were made, it 
was inferred that the uncorroded pipe had 
been annealed at a sufficiently high tempera- 


with adequate creep strength are required. 

In addition to pressure, creep is also caused 
by flame impingement, fouling by coke deposits 
on the inside of pipes, corrosion, poor burner 
settings and inadequate control of air and steam 


during thermal decoking cycles. Insufficient 
spacing of tube supports may cause tubes to sag 
from creep. Figure 2 is an example of creep 
of a furnace pipe due to flame impingement. 

Thermal stresses develop when the expan- 
sion or contraction that would normally result 
from heating or cooling of a body is prevented. 
Many pieces of equipment are subject to 
cracking failure by thermal stresses. Such items 
as vessel openings, piping and vessel supports, 
and piping systems should be carefully studied 
to assure that temperature distribution through 
the sections is uniform. 
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Thermal fatigue, another problem associated 
with temperature, is damage caused by 
repetitive thermal stresses. The thermal strains 
produce plastic deformation during heating 
and cooling cycles. The effect of cumulative 
plastic strains eventually leads to failure by 
many cracks. 

Failures of this type are encountered in high- 
temperature equipment subjected to many 
chilling cycles. Figure 3 shows a stainless tube 
exposed to 1300° F. on the outside while trans- 
porting water on the inside. The shocks of 
repeated strains by the boiling water cause 
failure of the tube. 


Problems From Temperature Plus Gases 
Ordinary steel resists practically all gases at 


ambient temperature. It is the standard mate- 
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ture to relieve critical stresses while the cor- 
roded piece had not. 

Stainless Steel—Of the reports of failed 
austenitic stainless steel received by the com- 
mittee, practically all were from services con- 
taining chlorides although one had been in 
caustic service. Failures occurred adjacent to 
the tube sheet from stresses created by tube 
expanders. They also occurred on portions of 
tubes some distance from the tube sheet. Fail- 
ure here was attributed to stresses imposed at 
the tube mill during straightening operations. 
One failure was due to operational stresses. 

The photograph on p. 85 shows  stress- 
corrosion cracking on the inside of a short 
piece of stainless pipe, where high tension 
stresses are evidently present. Cracks pro- 
ceed halfway through the wall where they 
are stopped by compressive forces. Such a 
condition can exist in an annealed tube where 
the outer layers are in a state of high com- 
pression with the inner fibers in tension. 

Stress Consideration—It is apparent from 
the failures which have been reported to the 
committee that tension stresses are present in 
tubes which are of sufficient magnitude to 
induce stress-corrosion cracking in critical en- 
vironments. Stresses come from three sources: 

1. Residual stresses from manufacture. These 
were traced to the practice of straightening 
after the final anneal. 

2. Stresses created during fabrication. Many 
forces are exerted during fabrication of heat 
exchanger bundles which can leave the equip- 
ment in a high state of stress. Some of these 
are: (a) rolling stresses at the tube sheet, (b) 
high stresses at bent sections of U-type bundles, 
and (c) uneven patterns of tightening tubes into 


tube sheets leaving some tubes in tension while 
others may be in compression. 

3. Stresses from operation. Thermal gradi- 
ents across tube walls can lead to high stresses. 
Also, certain tube bundles with fixed tube 
sheets may leave tubes in tension during shut- 
down periods. Exposure of such tubes to 
aqueous environments may lead to failure. 

Since it is the prime objective of the A.S.T.M. 
committee to determine methods of producing 
stress-free tubes that will be reasonably straight, 
principal attention has been devoted to the first 
item. Tests were conducted to find the amount 
of stress in tubes after roll straightening. Fol- 
lowing this, a study was made of annealing 
practices to eliminate stresses. 

The split ring test appears to be the simplest 
way to reveal hoop stresses. The method of 
making this stress measurement is rather simple. 
It consists of cutting a sample about 3 in. long 
from the tube, measuring its outer diameter 
accurately, splitting it longitudinally with a 
hack saw on one side, and measuring its outer 
diameter again. From the change in diameter, 
the residual hoop stress in the tube can be 
calculated from the following formula: 


E AD 
— V2" Dm? 
S = stress in outer fibers in psi. 
E = modulus of elasticity in psi. 
d = wall thickness in inches 
V = Poisson’s ratio 
AD = change in diameter after splitting in 
inches 
m = mean diameter 
Samples of new tubing made to A.S.T.M. 
specification and tested by the split ring method 


where: 


rial approved by the Interstate Commerce 
Commission for the safe transportation of al- 
most any dry gas. However, exposure of steel 
to the action of gases at elevated temperatures 
presents many problems, and limits must be 
set to indicate its limitations. 
Oxygen — Oxidation by air or other gases 
increases the valence in the metal as a result 
of reactions between the metal and an oxidizing 
agent, usually oxygen. The rate of oxidation 
of carbon steel increases rapidly above 1000° F., 
and above this temperature, steels which form 
a resistant oxide film (stainless steels) are 
required. Temperatures considered  satisfac- 
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tory for long-time service in ordinary environ- 
ments are given below for various metals: 
MAXIMUM 


METAL TEMPERATURE 
Carbon steel 1050° F. 
5 Cr, 0.5 Mo 1150-1200 

12 Cr 1300 
18 Cr, 8 Ni 1450 
25 Cr, 20 Ni 1650 

Incoloy 1700 


These limits mav be altered depending on 
composition of furnace gases. Oxidation rates 
of steels in an open muffle furnace are some- 
times higher than in a refinery furnace. Data 
for material selection should be obtained in 
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Residual Stresses in Brass and Steel Tubes After Annealing 


SAMPLE 


TREATMENT 


Hoop STrREss 


| Admiralty Metal — Specification B-111 %4 in. x 15 gage | 


] | Annealed at 1100-1175° F. after cold drawing — 1300 psi.* 
2 Annealed, straightened on Mackintosh-Hemphill machine 4900 

3 Annealed, straightened on Medart machine 4250 

4 Same as (2) but reannealed at 1100-1175° F. 500 

5 Same as (3) but reannealed at 1100-1175° F. —1800 

6 | Same as (2) but reannealed at 1200-1275° F. 1950 

7 | Same as (3) but reannealed at 1200-1275° F. —650 

Carbon Steel — Specification A-179 
1 | Annealed, before straightening 0 to —2900 
2 | After straightening 4000 to 5000 
3 | Stress-relieved at 1150° F. after straightening 0 to —1400t 
Stainless Steel — Types 304 L and 316 

l Annealed — 16000 to —18000 
2 | After straightening 7000 to 8000 
| Stress-relieved at 1650° F. after straightening 0 to —1300¢ 


changed to a compression value. 
peratures but stresses were still in tension. 


showed the following residual hoop stresses: 


Admiralty Metal — Specification B-111 
l in. x 14 gage* 9000 to 11,000 psi. 
% in. X 16 gage* 5500 to 9000 
5s in. X 16 gage* 3000 to 5000 
Carbon Steel — Specification A-179 
% in. X 16 gage* 4000 to 5000 
18-8 Stainless Steel — Specification A-269 
% in. X 16 gage* 3000 to 18,000 
% in. X 16 gage* 14,000 to 18,000 
1 in. x 16 gaget 14,000 to 19,000 


* Seamless. + Welded. 

In connection with the above, it is significant 
that one of the 34-in. brass tubes (Fig. 10, p. 134) 
had failed by stress-corrosion cracking in 11 
months. Split ring tests made on an uncracked 


specific furnaces and in specific atmospheres. 

Effects of Hydrogen Sulphide and Hydrogen 
—Steel is widely used in plants processing 
crude oils containing high percentages of crack- 
able sulphur compounds such as mercaptans 
or polysulphides. When these oils are heated, 
hydrogen sulphide is produced. It attacks 
steel, at an accelerated rate in the range 550 
to 900° F. with a peak at about 750° F. This 
type of corrosion can be reduced to tolerable 
rates by the addition of chromium to the steel. 
Figure 4 shows a comparison of corrosion rates 
with different types of steels in the 550 to 
900° F. range in crude oil containing sulphur. 


MAY 1960 


*(—) indicates compression stresses in outer fibers. 
+The data recorded for the steel and stainless are only those at which the stress level 
Other tests had been made by annealing at lower tem- 


section showed a residual hoop stress of 4900 
psi. This is below the values for average 34-in. 
diameter admiralty tubes as indicated above. 

Residual stress measurements have been 
made on brass and steel tubes after various 
annealing treatments. Table above gives data 
on hoop stresses. 

The final phase of the program is to install 
tubes with varying amounts of stress into en- 
vironments where cracking has occurred. This 
will test the efficiency of the stress-relieving 
treatments in preventing cracks. Depending 
on the results of tests, specification changes 
to incorporate this type of tubing will be con- 
sidered by the committee. 


Figure 5 shows a carbon steel pipe which has 
operated with sulphur-containing oil in the 
temperature region where no corrosion takes 
place, compared to a slightly lower temperature 
where corrosion is very heavy. 

Hydrogen — For processing streams contain- 
ing appreciable amounts of free hydrogen at 
high pressures, carbon steel has its limitations. 
Under the influence of temperature, atomic 
hydrogen develops, which diffuses into the 
steel. By reaction with iron carbide, methane 
is produced which cannot diffuse out of the 
steel. High internal stresses result, which 
eventually crack the steel internally at the 
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grain boundaries. Hydrogen attack is pre- 
vented by the addition of carbide-stabilizing 
elements. Fortunately, a wide range of chro- 
mium-molybdenum steels is available for use 
in the higher temperature regions. Figure 
6 gives the limits for carbon and alloy steels 
in hydrogen service. 

The phenomenal growth of catalytic re-form- 
ing of gasolines into a major oil refining process 
has led to widespread investigations of corro- 
sion by hydrogen sulphide in the presence of 
high-pressure hydrogen. It appears that when 
the temperature rises above about 600° F., 
appreciable corrosion occurs on carbon steel 
and low-chromium steels with no advantage 
being gained by the addition of chromium. 
This is in contrast to the behavior of the metal 
when no free hydrogen is present. Corrosion 
resistance is obtained in the high-temperature 
region by the use of stainless steel or alumi- 
nized coatings. 


Troubles From Nitriding and Carburizing 


The gas which serves a useful purpose for 
hardening steel in the nitriding process also 
damages equipment in ammonia plants. Ni- 
triding occurs above 800° F. on low-chromium 
and austenitic steels after long exposures. It is 
typified by a hard brittle layer which extends 
to a depth of about 1/32 in. This thin layer 
is of little consequence on heavy piping and 
forgings; however, thin pieces of equipment 
such as heat exchanger tubes, gaskets and 
expansion bellows cannot operate with hard 
brittle layers present. 

No complete answer to this problem has 
been found. Many alloys have been tested, 
including Inconel, Hastelloy B and C, and 


Fig. 7 — The Brittle Nature of a Ni- 
trided Case on the Inner Surface of 
a Pipe as Shown by the Crush Test 
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Fig. 8 — Wall of Steel Pressure Ves- 
sel Showing Hydrogen Blisters 


other special metals. All have nitrided except 
the special metals containing cobalt, Haynes 
alloy L605, for example. Nickel plating is a 
deterrent and will protect for about five years. 
Austenitic steels are less prone to nitrogen 
absorption than chromium steels. They are 
used particularly in equipment for higher- 
temperature operation. Figure 7 shows the 
brittle appearance of a nitrided case on the 
inner surface of a pipe as revealed by a crush 
test. 

Carburization — Diffusion of carbon monox- 
ide into steel and subsequent combination with 
iron is a widely used reaction to harden wear- 
ing parts. In heat treating operations, it is 
performed around 1650°F. but in chemical 
plants a damaging effect due to a breakdown 
of hydrocarbon fractions occurs as low as 
1200° F. Generally, the carburized layer does 
not detract significantly (Continued on p. 134) 
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Producing for the Supersonic Age 


Flight tn the Thermosphere-II1 


Materials for Ablation, 
Sublimation and Transpiration Systems 


By WILLIAM S. PELLINI 
and WILLIAM J. HARRIS, Jr.* 


These absorptive systems have a high effective heat capacity 

due to the utilization of the high values of the heats of melting, 
vaporization and dissociation. The sublimation potential of graphite, 
one of the best materials, may be limited by exothermic oxidation. 


AsssorptivE sYsTEMS TO BE DEALT with in 
this article have the highest heat flux capa- 
bilities — higher than exhibited by the heat 
sink systems which were discussed in Metal 
Progress last month. These systems also have 
the highest effective heat capacity, Q*, of all 
absorptive systems. Their outstanding features 
are due to the utilization of the high values of 
the heats of melting, vaporization and dissoci- 
ation. The emittance component of the abla- 
tion and transpiration type is generally low; 
in fact it is insignificant compared to the 
absorptive features. The sublimation types 
may involve an appreciable radiative compo- 
nent, depending on the material. 

In order to utilize the heats of change of state 
for heat absorption, it is necessary to avoid loss 
to the air stream of semimolten material. This 
property is inherent to materials which sublime 
directly from the solid state or those which 
develop only a very thin film of liquid when 


*Mr. Pellini is superintendent, Metallurgy Div., 
U. S. Naval Research Laboratory, Washington, 
D. C., and Dr. Harris is executive director, Ma- 
terials Advisory Board, National Academy of 
Sciences, Washington. Previous articles in this 
series covered requirements for thermal protective 
systems (March); heat sink systems (April). The 
final article, next month, will deal with materials 
for radiative systems. 
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they vaporize. For other materials of the abla- 
tive or subliming type, composite or heterogene- 
ous mixtures are required which provide for 
mechanical retention of the melted material 
during vaporization. Retention of the vaporiz- 
ing fluid is inherent to the design of transpira- 
tion systems and is provided by the fine pores 
through the aerodynamic wall surface. 


Composite Systems 


Steurert has described possibilities of com- 
posite or heterogeneous systems based on 
a high-melting-point low-conductivity matrix 
which will retain pockets of lower-melting-point 
materials with high heats of vaporization. 
Matrices of beryllium oxide, zirconium oxide, 
titanium carbide and graphite with a fine scale 
distribution of beryllium, boron, aluminum and 
titanium pockets are examples. Calculations 
indicate that heat capacities of many nonmelt- 
ing, homogeneous heat sink materials, which 
are in the order of the heat capacity value for 
water — 1000 Btu. per lb. — may be increased 
to 2000 to 3000 Btu. per Ib. by such heteroge- 
neous combinations of inorganic materials. 

These principles may also be applied to 

t“Criteria in the Selection of Materials for 


High-Temperature Structures”, by W. H. Steurer, 
A.B.M.A. Report DV-TN-67-58, July 1, 1958. 


89 


ait 
. 


Ablation Systems 


Increasing 


Surface Temperature \ 


Emittance by 

Carbonized 

Layer 

Boundary Layer 


Ablation | 
Zone 


7 ™N 20,000° F. + 
\ Original 
\ 


10,000° F. + 


Char Layer 


“Blanket Effects’’ 
Boundary Layer 
Cooling 


\ Minimum 


\ Flux for 


Long 


Activati i 
\ Activation Time, 7 Thermal Block 


Insulation \ 
or Heat Sink 


Time 


Fig. 1— Thermal Principles of Ablation Sys- 
tems Are Illustrated Above. If the ablation 
process is not activated, the material serves as 
insulation and as a low-grade heat sink. Re- 
quired temperatures to activate the decompo- 


heterogeneous combinations of organic and in- 
organic materials, plastics with glass fibers, for 
example. For such combinations, the decom- 
position process involves these steps: (a) 
Pockets of the organic material volatilize while 
held in place by an inorganic matrix having a 
higher decomposition temperature; (b) the 
inorganic skeleton volatilizes exposing the new 
surface; and (c) the two-step process is 


repeated. 
Ablation Systems 


The thermal principles of ablation systems 
are shown schematically in Fig. 1. Various heat 
flux pulses of increasing q-max value are repre- 
sented, with the lowest value defined as being 
too low for the development of a minimum sur- 
face temperature required to activate the de- 
composition process. The required tempera- 
tures may be in the order of 2000 to 4000° F. 
for heterogeneous mixtures of organic and in- 
organic materials. 

If the ablation process is not activated, the 
material serves as insulation and as a low-grade 
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sition process may be in the order of 2000 
to 4000° F. for heterogeneous mixtures of or- 
ganic and inorganic materials. Q* (effective 
heat capacity) is total aerodynamic heat in- 
put (Q) divided by weight loss in material 


heat sink. In such an instance, the material is 
said to act as a “transulation” system, that is, 
nonsteady-state insulation. With higher heat 
flux pulses, the activation temperature needed 
is attained and decomposition of the organic 
and inorganic composite starts. This character- 
istic surface temperature, noted as 3000° F. 
for discussion purposes, can be thought of as 
a thermal block temperature which holds over 
a wide range of q-max values; if the heat flux 
is increased, the ablative process simply pro- 
ceeds at a faster rate without any increase in 
surface temperature. 

As the gaseous products of ablation are in- 
jected into the extremely hot boundary layer, 
further decomposition and dissociation to a 
plasma-like state may be expected to occur, 
with consequent very high heat absorption. 
The resulting “blanket” cooling effect lowers 
the average temperature of the hot gas layer, 
and the heat transfer rate is greatly decreased. 
The effective heat capacity, 0*, of an ablation 
device therefore must be measured in terms of 
the sum of decomposition and dissociation 
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effects. If the “blanket” effect is disturbed by 
air stream turbulence, a decrease in effective 
heat capacity is probable. 

The problem of using ablative devices for 
long-time exposures is illustrated by the curve 
for internal temperature rise, noted as “long 
time” in Fig. 1. The gradual increase in back- 
side temperature with time may cause break- 
down and disintegration of the organic material. 

The general aim in the development of abla- 
tion materials is the achievement a high effec- 
tive heat capacity, defined in the chart in Fig. 
las Q*. The limits of heat flux capability are 
not an inherent problem, as described for heat 
sink systems, because increases in heat flux 
activate more energetic ablation reactions and 
thus increase the rate of ablation. A possible 
limiting factor is an excessive ablation rate 
which could result in undesirable contour 
changes. The requirement for low ablation 


rates obviously requires materials with a high 
capability for effective heat absorption. 


Features of Sublimation Systems 


The ideal sublimation material has a high 
heat of sublimation, low conductivity, and it 
will sublime directly without entering the liquid 
state. Various ceramic materials have this 
property. Sublimation systems are generally 
high-flux devices because a high rate of heat 
flux is required to activate the process. Inter- 
mediate flux levels may destroy the sublima- 
tion material by heat penetration to cause ther- 
mal shock failure. Ideally, the materials should 
sublime faster than the rate of heat flow to 
subsurface region. Magnesium oxide is an 
example of a material having high sublimation 
heat coupled with characteristics which may 


result in thermal shock failure. Graphite has 
the highest theoretical heat of sublimation of 
all materials being considered. It is some 25 
times more than the heat of vaporization of 
water; in contrast, other prominent sublimation 
materials have heat capacities only about one 
half this value. 

Problems in the use of graphite arise from 
its relatively rapid oxidation at elevated tem- 
peratures and its excessive conductivity for 
sublimation system applications. The problem 
of conductivity for a material like graphite, 
which is highly resistant to thermal shock, is 
due to the fact that the thickness, and thus the 
weight of the system, may be determined by 
the backside temperature rather than by the 
amount of the wall thickness which is vaporized. 


Principles of Transpiration Systems 


In transpiration cooling systems, liquid or 
gas is pumped through a porous skin. The 
coolant makes the skin act as a heat sink of 
very high specific heat capacity. As the gas 
emerges from the pores, it provides a blocking 
action which cools the hot boundary layers. Be- 
cause the heat absorption takes place at the 
aerodynamic interface, there is no theoretical 
top limit to the heat flux. The potential limit 
is very high and depends essentially on the 
pumping rate and volumetric heat capacity of 
the coolant. 

The most efficient liquid metal for transpira- 
tion cooling is lithium which has a heat of va- 
porization in the order of 30,000 Btu. per lb. 
Sodium, which is competitive with lithium for 
convective cooling, because of its higher con- 
ductivity, is not at all promising for transpira- 
tion cooling since its heat of vaporization is only 


Myriad of Aluminum Designs — Some striking examples of the fabricator’s art of 


On the 
Cover 


forming and coloring aluminum are portrayed on this month’s front cover. The art, 
which includes mesh or expanded aluminum and other mesh-like patterns, was made 
available to Metal Progress by Lawrence S. Sewell, Jr., of the Aluminum Co. of Amer- 
ica, Pittsburgh. 

Mr. Sewell points out that some of these patterns are available from stock, some on 
special order, while others exist in experimental form only. However, all of the many 
variations they suggest can be mass produced. The patterns shown actually represent 
mesh openings varying in size from less than a quarter inch to two or more inches. 
However, size is no deterrent because any pattern can be made in any size — small or 
large. 

The variety of finishes are equally striking. Most are anodized. The sample at top 
left is anodized black, with highlights sanded off. The pattern at bottom middle 
employs Alcoa’s multifaceted “Spangle Sheet”. 

Manufacturers represented by samples on the cover are: Exmet Electrical Corp., 
Tuckahoe, N.Y.; Penn Metal Co., Parkersburg, W. Va.; Rigidized Metals Co., Buffalo 
N. Y.; U. S. Gypsum Co., Chicago, III. 
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Fig. 2—Charts Show Relationship of the Ef- 
fective Heat Capacity (Q*) of Intermediate 
and High-Flux Heat Absorptive Systems to the 
Level of Aerodynamic Heat Input (q-max) 


about one tenth that of lithium. Liquid helium 
and hydrogen may be considered for transpira- 
tion cooling on the basis of their high specific 
heat capacity and heat of vaporization. Even 
water is appealing, despite its low efficiency, 
because of simplicity of the pumping and con- 
tainer system. 


Controls Are Paramount 


There are two main problems with transpira- 
tion systems: The fine wall passages needed 
for high heat flux conditions must be prevented 
from plugging, and the rate of coolant flow must 
be programed to match the incident heat flux. 
The slightest plugging, or mismatch of the cool- 
ant flow with the flux pulse, may result in 
melting of the wall. In contrast to the other 
absorptive systems discussed in this section, 
transpiration cooling is not self-adjusting to 
changes in heat flux conditions. 


Relationships of Absorptive Systems 


At this point, we may summarize the general 
relationships of the effective heat capacity, Q*, 
of intermediate and high-flux heat absorptive 
systems, as related to the level of aerodynamic 
heat input. The relationships of Q*:q-max 
are illustrated in Fig. 2. The charts are sche- 
matic and the scales are not quantitatively in- 
tercomparable. The limitation of heat sink 
materials to relatively low Q* and q-max values 
is due to the requirement of preventing melt- 
ing. The sublimation potential of graphites 
may be limited by exothermic oxidation which 
causes a net loss in Q* value if the heat flux 
value is increased beyond the heat sink limit. 

Ablation systems tend to activate more ener- 
getic decomposition processes with increases in 
heat flux; however, the portion of the increase 
which is due to “blanket” effects may be ob- 
viated by air stream turbulence. Sublimation 
devices based on homogeneous ceramics are 
for the most part very poor heat sink materials 
and are subject to thermal shock failure at fluxes 
below the activation point of the sublimation 
process. The sublimation process for such ma- 
terials generally activates rather sharply when 
the heat flux reached is high enough to bring 
the surface to vaporization temperature. — 
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No. 4 in a Series on 
Better Finishing 


Solvent selection is 
just as important to 

effective vapor degreasing 

as is good equipment design. 
Such factors as boiling range, 
solubility of the soil and 
compatibility with the materials 
P being cleaned are important. 
In this, the second 

of a two-part article, 

the authors also discuss 

specifications and costs. 

(L12j, $22, 17-53) 


How to Get the Most 


From Solvent-V apor 
Degreasing—Part IT 


Table I — Typical Applications for Vapor-Degreasing Solvents 


By T. J. KEARNEY and C. E. KIRCHER* 


No one sovent Is suPERIOR in all respects 
for the variety of industrial cleaning jobs which 
can be handled by solvent-vapor degreasing. 
For successful operation, it is essential to have 
the cleaning process designed for the particular 
job. Important factors are the amount and 
type of work processed, amount and type of 
soils on the work, and degree of final cleanliness 
required. 

Just as important as equipment, mode of 


*Mr. Kearney is chief engineer and Dr. Kircher 
is manager of research, Detrex Chemical Industries, 
Inc., Detroit. 


APPROXIMATE | 


Factors AFFECTING 


carbon 


APPLICATION SOLVENT VAPOR 
SELECTION 
| TEMPERATURE | 
Removal of soils from parts | Trichlorethylene 188° F. Most commonly used degreasing 
solvent 
Removal of slightly soluble (high | Perchlorethylene 250 Used where higher operating tempera- 
melting) soils ture is desirable 
Removal of water films from | Perchlorethylene 250 Rapid and complete drying in one 
metals operation 
Cleaning coils and components | Methyl chloroform 165 Solvent must not damage wire coat- 
r electric motors — i ling agents. Requires spe- 
fo | Trichloro- 118 q 
cial equipment design. Selection 
trifluoroe thane 
should be based on preliminary 
Perchlorethylene 250 | trials 
Cleaning temperature-sensitive Methylene chloride | 104 Used where parts must not be exposed 
. materials ar to higher vapor temperatures during 
lrichloro- | 118 cleaning. Special corrosion resistant 
trifluoroethane | | equipment is required 
Cleaning components for rockets | Trichlorethylene 188 Cleaned parts must be free of soils or 
or missiles | residues which might react with 
oxidizers 
Cleaning with ultrasonics Trichlorethylene 188 | For cleaning efficiency beyond that ob- 
Perchlorethylene 250 | tained from standard vapor degreas- 
Methylene chloride 104 | ing. Solvent must be kept clean by 
Fluorinated hydro- 118 | continuous distillation and filtration 


during use. Selection should be based 
| on preliminary trials 
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operation and costs is the selection of the de- 
greasing solvent, a critical factor in the over- 
all analysis of a degreasing operation. In 
choosing a solvent, one should consider (a) 
solubility of the soils to be removed, (b) pos- 
sibility of chemical action between soils and 
solvent, (c) metals or other materials to be 
cleaned, (d) equipment and solvent availabil- 
ity, (e) ability to recover or reclaim dirty sol- 
vent for re-use, (f) cost of solvent on a weight 
and volume basis, (g) solubility and compati- 
bility of solvent with water, and (h) operating 
temperature range of the solvent. Table I 
shows how some of these factors enter into 
the selection of the commonly used solvents for 
industrial solvent-vapor degreasing. 

Solvent specification and testing procedures 
are often misunderstood by the consumer be- 
cause he is usually not informed on the tech- 
nology of solvent stabilization. Before taking 
up any specific details, therefore, some general 
background information on these subjects is 
desirable. f 

It is not often that a chemically’ pure material 
is required or suitable for industrial use. Be- 
cause of cost and other considerations, com- 
mercial products are refined only to the extent 


needed for specific applications. In many in- 
stances the performance of a relatively pure 
chemical is improved by stabilizers or modifiers. 
This applies to most vapor-degreasing solvents 
to which anti-oxidants and acid acceptors are 
often added. These stabilizers are not lost 
when the used solvent is put through a still to 
remove contaminants. 

What is required for successful operation is 
not a knowledge of the formulation of the 
solvent but a specific and carefully prepared 
recommendation from the supplier as to how 
the solvent can be used most effectively to 
accomplish the desired cleaning results. 


No Broad Specifications 


There are no industry-wide specifications for 
degreasing solvents. Rather, each solvent pro- 
ducer has his own specifications. From one 
producer to another, however, these are gen- 
erally quite similar in scope. There are several 
government specifications such as MIL-T-7003, 
O-T-634 a and O-P-191 which cover degreasing 
solvents. It is worthy of note that the A.S.T.M. 
has recently formed a committee, D-26, to study 
and prepare specifications on halogenated or- 
ganic solvents. Its efforts in this direction could 


Fig. 1 — Cleaning Refrigerator Tubing by Solvent-Vapor Degreasing. 
Load is first immersed in warm solvent, then vapor rinsed. Tanks 


behind operator are for storage and distillation of used solvent 
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Table II — Specifications and Quality Control Guide for Vapor Degreasing Solvents 


Specific Gravity, Refractive Index, Distilla- 
tion Range: Definite value of pure compound. 
Variable value for mixture of compounds de- 
pending on composition. Specifying a range of 
values does not determine the composition of 
mixtures or identify what is in mixtures. 

Residue on Evaporation: Shows amount of 
nonvolatile matter present either in solution or 
suspension. Since the stabilizers used in de- 
greasing solvents are volatile, they are not in 
general the cause of residues. Soils picked up 
by solvents from containers and in transfer are 
the main source of residue. 

Color: May be a characteristic of the initial 
material or may indicate some change taking 
place with time. Color change may or may 
not be indicative of product quality or perform- 
ance, depending on the nature of the materials 
involved. 

Cloud Point, Water Content: Indicates or 
measures the amount of water in solution in the 
solvent. In general this is not a critical or 
limiting factor for it should meet specifications. 

Acidity: Determines the amount of acidic 
materials present by extracting them with 
neutral water and titrating the aqueous phase 
with standardized base to a stated end point. 
Acidity is important; it may lead to corrosion of 
parts and equipment. 

Alkalinity: Determines the amount of alka- 
line materials present by extracting them with 
neutral water and titrating the aqueous phase 
with standardized acid to a stated end point. 
In new solvent this measures amount of amine 
stabilizer present. 

pH Measurement: Determines the presence 
of acidic or alkaline materials by extracting 


them with neutral water and measuring the pH 
of the resulting aqueous phase. Does not iden- 
tify the amount or type of acidic or alkaline 
materials present. 

Free Halogen: Determines the amount of 
free halogen present in the solvent. Should be 
zero for present degreasing solvents. They 
cause serious corrosion. 

Acid Acceptance, Amine: Amine stabilizer 
gives solvent pH greater than 7. Test measures 
the amount of acid (usually HCl) which will 
combine with additives in the solvent in the 
presence of water. The titration measures the 
amount of amine stabilizer in the solvent and 
the result is usually expressed as wt.% of equiv- 
alent NaOH corresponding to the stabilizer. 
(Inorganic alkalis are never added to haloge- 
nated solvents as stabilizers. ) 

Acid Acceptance, Non-Amine: A titration in 
anhydrous medium which measures the amount 
of epoxide or other stabilizer in the solvent 
capable of reacting with HCl under the condi- 
tions of the test. For uniformity the result is 
visually expressed as wt.% of equivalent NaOH 
corresponding to the stabilizer present. 

Reflux or Storage Tests: This type of test 
can be run under a wide variety of conditions 
including low and high temperature and the 
presence or absence of water, metals, industrial 
soils, etc. In general such tests are intended to 
indicate how the solvent may stand up when 
subjected to actual plant operating conditions. 
The usefulness of the tests is limited by one’s 
ability to duplicate plant degreaser conditions 
in a laboratory set-up and by the technical 
knowledge of the operator who must make the 
analyses and interpret the results. 


ultimately result in generally accepted tests 
and specifications for trichlorethylene, perchlor- 
ethylene and other halogenated solvents. 
Whether or not a specification has been met 
is best determined by standard test procedures. 
Unless the tests are technically correct and 
yield results which are reasonably reproducible 
and consistent, they cannot form the basis for 
a sound specification. Where possible, exist- 
ing A.S.T.M. specifications are applied to sol- 
vents used in vapor degreasing. Examples of 
such tests are: For specific gravity, D-891-51; 
for distillation equipment, E-133-58; for distil- 
lation range, D-86-56 and D-1078-58; and for 
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determinations of pH of aqueous solutions, 
E-70-52 T. 


Additions Change Solvent Properties 


As an example, let us consider the signifi- 
cance of some of the specification tests for 
trichlorethylene. Bear in mind that the com- 
mercial product is 99 to 99.5 wt.% trichlorethy- 
lene, with the balance made up of several care- 
fully selected additives which have chemical 
and physical properties different from trichlor- 
ethylene. The specifications do not identify 
the specific additives placed in the solvent by 
the producer but they do provide a basis for 
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determining that a particular type or grade of 
stabilized trichlorethylene is being supplied. 

The buyer, however, must know how to inter- 
pret the results of the specification tests. For 
example, consider the specific gravity of the 
solvent. Pure trichlorethylene containing no 
additives has a specific gravity of 1.470 at 
15/4° C. However, unstabilized trichlorethyl- 
ene is not acceptable for use in vapor degreas- 
ing operations. Stabilizing additives have spe- 
cific gravities less than trichlorethylene and, 
therefore, lower the specific gravity of the mix- 
ture. Furthermore, it is entirely possible to 
have equally good and stable products, using 
various stabilizer systems, which will have 
different specific gravities. Specifying a narrow 
range for the specific gravity of a degreasing 
grade of trichlorethylene does not, therefore, 
guarantee or insure a superior product. 

Much the same reasoning applies to the dis- 
tillation range of the solvent. Since stabilizers 
have normal boiling points below and above 
trichlorethylene, they change its distillation 
range. A very narrow boiling range is not a 
necessary requirement for a good degreasing 
grade of trichlorethylene. What is important 
is a wide enough range to permit sufficient Fig. 2- Still Removes Contaminants F rom Solvent 
amounts of stibilizers to be added so that the and Permits Continuous Degreaser Operation. This 


service. 


The two examples involving specifica- 
tion limits indicate the importance of 
knowing the relationship between the 
properties of a solvent and its perform- 

SoLvenT | AQuEoUS ance in specific applications. Arbitrarily 
DEGREASING | WASHING setting narrow limits for physical or 

chemical specification tests on cleaning 
solvents does not thereby insure better 
Equipment $13,940 
Installation 3.500 products. In some instances it may 
Plant space ($15 per sq.ft.) j 6,720 actually curtail solvent improvements. 
Steam generating Judgment must be based on sound tech- 
equipment ($5 goto th on a nology and a recognition of cleaning 

(5% of equipment value) 872 Obviously, no one physical or chemical 

Total equipment costs $27,193 $47,052 test is specific enough to identify a de- 
Hourly Operating Costs greasing solvent. A good specification, 
Solvent ($1.53 per gal.) $3.75 prepared cooperatively by producer and 
Chemicals ($0.82 per gal.) consumer, should include a_ sufficient 
Steam ($1.50 per 1000 Ib.) 
02 number of physical, chemical and en- 
18 
| 


Table Ill — Comparison of Equipment and Operating 
Costs for Solvent Degreasing and Aqueous Washing* 


ITEM 


Electricity ($0.011 per kw.) 7 

Water ($0.14 per 1000 gal.) vironmental tests, such as those given 

Hourly operating costs $5.80 $6. in Table II, with appropriate range of 
values for each so that, taken together, 


; they do define a standard acceptable 
rate of 40,000 lb. per hr. Conveyer speed, 18 ft. per min. al t 
Equipment: vapor-spray-vapor degreaser, monorail type, » 
45 9 ft.; monorail washer, wash-rinse-blowof!, 64 x 7 ft. Industrial clean- (Continued on p. 162) 


* Based on cleaning automatic transmission parts at the 
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Air Hardening Toolsteels 
Offer Lower Costs, 
Improved Performance 


By J. Y. RIEDEL* 


Tre wvcreasen vse of air hardening grades 
is an important trend in tool and die steels. 
This has come about largely because the air 
hardening toolsteels have proven themselves to 
the fabricator as a means of reducing tool costs 
and improving production. A number of new 
air hardening grades have been developed, 
which are available in warehouse stocks. 

If a selection of various types of tools is 
made from air hardening toolsteels and com- 
pared in service with a group of similar tools 
made from steels which require liquid quench- 
ing for hardening, the air hardened tools will 
outperform the liquid quenched tools in service. 
This may not necessarily be obvious when indi- 
vidual tools are compared but will appear if 
a large number of tools are studied. 

The reason air hardened tools outperform 
liquid quench tools (in a large statistical sample) 


*Toolsteel Engineer, Bethlehem Steel Co., Beth- 
lehem, Pa. 


can be summed up in one word — consistency. 
This factor is evidenced in many ways: 

* Dimensional Stability— All tools, when 
hardened, develop small, but measurable di- 
mensional changes (so-called distortion). Air 
hardened tools not only show less dimensional 
changes than liquid quenched tools, but the 
changes that occur are remarkably uniform tool 
to tool. By contrast, identical liquid hardened 
tools show considerable dimensional variation. 

* Hardness — Duplicate air hardened tools 
invariably show the same hardness after heat 
treatment. Liquid quenched tools may show 
erratic hardness in various locations due to 
variations in effectiveness of the liquid quench, 
and duplicate tools may have a variable hard- 
ness pattern. 

* Residual Quenching Stresses — All tools de- 
velop residual internal stresses due to the hard- 
ening operation. Liquid quenched tools de- 
velop high internal residual stresses because 
of the variation in cooling rate which occurs 
in different locations on a tool during the 
quench. These stresses, if improperly con- 
trolled, can lead to cracking of the tools during 
heat treatment or in grinding. They may also 
impair the load-carrying ability of the tool. By 
contrast, air hardened tools develop only a 
small amount of stress during hardening be- 
cause of more uniform cooling. Furthermore, 
the degree of internal stress is uniform from 
tool to tool so that service performance of dupli- 
cate tools is reasonably consistent. 

Although the purchase price of air hardening 
toolsteels is usually higher than that of oil or 
water hardening steels, cost of the finished tool 
is often lower. This is because less grinding 


Table I — Types of Air Hardening Toolsteels 


A.LS.1. 


TYPE 
DESIGNATION 


CR | 


Tool and die, general A-2 
Tool and die, free machining A-4 
Tool and die, high production | 
Shock resisting 
Hot work 
High speed 


— | 0.30 
(Pb added) 
— | 0.90 


1.50 | — 
6.50 | 2.00 
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A 
# 
| 
| | 
i 1.00 | 0.60 | 5.00 | 1.00 ™ 
0.95 | 2.00! 2.20 | 1.10 | 
1.55 | 0.40 | 11.50 | 0.80 | 
0.50 | 0.70 | 3.25 | 1.40 | 
0.35 | 0.35 | 5.00 | 1.65 | ; 
0.82 | 0.25 | 4.00 | 5.00 | 


is necessary after heat treatment for finishing 
and fitting the air hardening tools into an assem- 
bly. Also, this increased reliability and the 
avoidance of heat treatment cracks may elimi- 
nate the need for duplicate tooling. 


Air Hardening Steels Should Be Air Hardened 


To realize the advantages of air hardening 
steels, it is essential that they actually be 
hardened by air quenching. It is possible to 
harden all air hardening steels by liquid 
quenching (oil quench or salt quench as in 
martempering) and this is frequently done 
because of the convenience of existing heat 
treatment equipment. However this is a serious 
mistake because it sacrifices almost all the basic 
advantages of air hardening steels. Liquid 
quenching not only increases distortion and in- 
ternal stresses but may crack the tools. 

Whenever air hardening steels are used for 
large tools with section and length of 6 in. or 
greater, it is usually necessary to oil quench 
in order to produce full hardness. Although 
the type of steel involved may be “air harden- 
ing”, the application is actually one of a deep 
hardening, oil quenching steel. Obviously, the 
benefits of air hardening steels do not apply 
in such instances. On the other hand, such an 
application is metallurgically sound and should 
not be interpreted as misuse of such steels. 

Today, tools for practically every purpose 
can be made from the air hardening grades. 
As shown in Table I they are available in shock 
resisting, hot work, and high speed types, as 
well as the so-called tool and die types. S 
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New Toolsteels for 
Abrasion Resistance and 


Exceptional Toughness 


By NEIL J. CULP and 
JOSEPH S. PENDLETON, Jr.* 


Ix RECENT YEARS, ONLY A FEW important 
new tool and die steels were developed because, 
with the standard compositions available, the 

*Assistant Manager of Research — Metallurgy, 
and Metallurgist — Tool and Alloy Steels, respec- 
tively, Carpenter Steel Co., Reading, Pa. 
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metallurgist could select one with the harden- 
ability, wear resistance or nondeforming prop- 
erties needed for a specific application. If it’s 
a simple tool, he can use a water hardening 
carbon toolsteel; if it’s more complex, he'll prob- 
ably use an oil or air hardening grade. Within 
each of these groups, he can find a standard 
alloy which will give him the wear resistance, 
or hardness, and the freedom from size change 
that he needs. 


Swing Toward Air Hardening 


Naturally, not all the desirable properties 
can be realized without some sacrifice in other 
factors. For example, the present trend is to 
much broader use of the air hardening steels. 
Their slightly higher cost is more than offset 
by eliminating the quenching operation. They 
are deep hardening and are relatively free from 
size change in heat treatment. The disadvan- 
tages are that these steels usually must be air 
cooled from comparatively high temperatures, 
1750° F. or higher, and temperature control 
must be fairly precise. 

The high quenching temperature is a problem 
since most of the oil and water hardening steels 
are quenched from temperatures below 1600° F. 
In many instances special furnaces are required 
when air hardening steels are used. An addi- 
tional factor is that decarburization can occur 
quite rapidly at the higher temperatures, so 
that a controlled atmosphere furnace or neutral 
salt bath is needed. 

If greater wear resistance, or higher hardness, 
is required, it can usually be obtained with 
steels containing more carbon and higher alloy 
content (such as chromium and tungsten). In 
such steels, however, both machinability and 
toughness are low, so they are not completely 
satisfactory for such applications as intricate 
embossing dies or long, comparatively thin 
punches where flexing occurs. 


Objectives of Toolsteel Research 


At Carpenter, our research on new tool and 
die steel compositions has been directed at 
alloys to meet the following requirements: 

1. They should be air hardening because of 
the greater safety and freedom from size 
change. 

2. The hardening (austenitizing) temperature 
should be below 1600° F. and the hardening 
temperature range should not be too narrow. 
The lower hardening temperatures are more 
economical, help reduce size change and also 
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This Die, % In. Thick by 14% In. Long, Was 
Machined From a Solid Piece of A.1.8.1. Type 
A-6 Made by Carpenter Steel Co. It contains 
792 holes. The die is hardened at 1500° F., 
air cooled, and drawn at 350° F. for 6 hr. 
to obtain hardness of Rockwell C-60. After 
heat treatment the size change to the die 
section 14% in. long was only 0.0025 in. 
over-all, or less than 0.00018 in. per in. 
The die is used in fabricating printed circuits 


minimize the possibility of decarburization. 

3. Alloy content should be low to keep the 
cost down and also because the lower alloy 
steels are usually easier to machine. 

The first steel developed to these specifica- 
tions has the trade name “Vega”, and it is now 
accepted as an A.1.S.I. standard, Type A-6. It 
contains 0.70% C, 2.00% Mn, 0.30% Si, 1.00% 
Cr and 1.35% Mo. It is an air hardening grade 
and the recommended austenitizing range is 
1525 to 1600°F. After tempering at 350° F., 
the size change is about 0.0003 in. per in. 
Machinability is good and, for a toolsteel, it is 
comparatively tough. 


Two New Toolsteels 


Patents have just been granted on two new 
steels which have advantages of simplified heat 
treatment. One has excellent wear resistance — 
better than that of the high-carbon, high-chro- 
mium steel, A.I.S.I. Type D-2. The other is a 
tough toolsteel which has notched-bar Izod 
impact values of 10 to 14 ft-lb. at hardnesses of 
Rockwell C-59 to 60. Neither of these steels is 
commercially available yet but both have un- 
dergone considerable field testing. 

The wear resistant alloy contains 1.5% C, 
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2.0% Mn, 0.25% Si, 0.9% Cr, 1.0% Mo and 
4.0% W. It can be air hardened from 1550 to 
1600° F.; after drawing at 350° F., its hardness 
is Rockwell C-63 to 64. Size change in heat 
treatment averages about 0.0005 in. per in. on 
1 in. rounds, 4 in. long. In field tests on 
punches and dies, where it was compared to 
high-carbon, high-chromium air hardening steel 
(Type D-2), its size change and warpage were 
perceptibly lower. 

In a large number of applications, where the 
service life of this new wear resistant alloy was 
compared with that of Type D-2, the average 
improvement was about 100%. The tests in- 
cluded dies for cold extrusion of aluminum, 
blades for shearing S.A.E. 1010 strip, dies for 
coining nonferrous metals and for cold drawing 
S.A.E. 1020 bars. 

Other tests showing improvements in service 
life were for brick molds used to form highly 
abrasive silica brick where the new alloy was 
20% better than Type D-2. When used in 
punches with S.A.E. 1020 and phosphor bronze, 
service life between grinds was improved 15%. 
The best result was in a plunger for a die used 
to compact powdered metals which lasted four 
times longer than previous tools made from a 
standard high-carbon, high-chromium steel. 


New Steel Has Exceptional Toughness 


Our new steel for exceptional toughness con- 
tains 0.70% C, 0.50% Mn, 0.3% Si, 1.0% Cr, 1.0% 
Mo and 2.50% Cu. It can be air hardened from 
1550 to 1600° F., and after drawing at 350° F., 
its hardness is Rockwell C-59 to 60. Size 
change during heat treatment is about 0.0003 in. 
per in. 

Applications for this alloy are in tools and 
dies that fail by fracture rather than wear. 
One example is the blades and blade inserts 
used to shear steel plate up to 1 in. thick. In 
an automotive plant where the new alloy was 
tested for this application, blades lasted five 
times longer than any toolsteel previously 
tested. Similar improvements in service life, 
although not as great, have been found for 
embossing dies for jewelry and in coining dies 
for parts on which no flash can be tolerated. 
Design of the latter type die creates high radial 
stresses in service that cause early brittle fail- 
ures. The added toughness of the new steel 
apparently is sufficient to absorb these high 
stresses longer than other die steels previously 
used. 

Fatigue is also important in punches used for 
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Why metals corrode...and how you can prevent it 


The basic cause of corrosion is the 
instability of metals in their refined 
state. Metals tend to revert to their 
natural states through the processes 
of corrosion. For example, when you 
analyze rust, you will find it is iron 
oxide. When you analyze natural iron 
ore, you find it, too, is iron oxide. Six 
forms of corrosion which can attack 
the equipment you design are: 


1. General tarnishing or rusting with 
occasional perforations in highly af- 
fected areas. 


2. Highly localized attack by pitting. 


3. Cracking induced by a combination 
of stress and corrosion. 


4. Corrosion confined to crevices, under 
gaskets, or washers, or in sockets. 


5. Corrosion of one of an alloy’s con- 
stituents leaving a weak residue. 


6. Corrosion near the junction of two 
different metals. 


In all of the six forms of corrosion 
mentioned above, corrosion has the 
same basic mechanism. It’s similar 
to the electrochemical action in a dry 
cell. 


The electrolyte in the dry cell cor- 
responds to the corrosive media, 
which may be anything from the 
moisture in the air to the strongest 
alkali or acid. 


The plates of the battery correspond 
to the metal involved in corrosion. 


A potential difference between 
these metals or different areas on the 
same metal causes electricity to flow 
between them through the electro- 
lyte and a metallic bridge or contact 
that completes the circuit. 


At the anode, a destructive altera- 
tion or eating away of metal occurs 
when the positively charged atoms 
of metal detach from the solid sur- 
face and enter the solution as ions. 


The corresponding negative 
charges, in the form of electrons, 
travel through the metal, through 
the metallic bridge, to the cathode. 


Briefly then, for corrosion to occur, 
there must first be a difference in 
potential between the metals or areas 
on the same piece of metal so that 
electricity will flow between them. 
Next, a release of electrons at the 
anode and a formation of metal ions 
through disintegration of metal at 
the anode. At the cathode, there must 
be a simultaneous acceptance of elec- 
trons. Action at the anode cannot go 
on alone, nor can action at the cathode. 
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CONTROLLING CORROSION 


When corrosion occurs because of 
the differences in electrical potential 
of dissimilar metals, it is known as 
galvanic action. Differences in poten- 
tial from point to point on a single 
metal surface causes corrosion known 
as local action. 


When you plan against galvanic 
corrosion it is essential to know 
which metal in the couple will suffer 
accelerated corrosion ... will act as 
the anode in the corrosion reaction. 

The galvanic series table shown 
below can supply this information. 
In any couple, the metal near the top 
of this series will be the anode and 
suffer accelerated corrosion in a gal- 
vanic couple. The one nearer the bot- 
tom will be the cathode and remain 
free from attack or may corrode at a 
much slower rate. 


GALVANIC SERIES TABLE 
Magnesium 
Magnesium alloys 
Zine 
Aluminum 25 
Cadmium 
Aluminum 17ST 


Steel or Iron, Cast Iron 


. 
Chromium-iron (active) 
Ni-Resist 


18-8 Stainless (active) 
18-8-3 Stainless (active) 


Lead-tin solders 
Lead, Tin 


Nickel (active) 
Inconel (active) 


Brasses, Copper, Bronzes 
Copper-nickel alloys, Monel 


Silver solder 


Nickel (passive) 
Inconel (passive) 


Chromium-iron (passive) 
18-8 Stainless (passive) 
18-8-3 Stainless (passive) 


Silver 
Graphite, Gold, Platinum 


HOW TO USE THE CHART 


Notice how the metals are grouped 
in the galvanic series table. Any 
metal in one group can be safely used 
with any other metal in the same 
group. However, when you start mix- 
ing metals from different groups, 
you may run into serious galvanic 
corrosion of the metal higher on the 
list. And the further apart these 
metals are listed, the worse this cor- 
rosion may be. 


Circle 1776 on Page 48-A 


But, if you have to mix metals, pay 
particular attention to the electrical 
contact between them. Eliminate any 
metallic bridges or contacts of metal 
to metal that will permit the flow of 
electrons through them. You can do 
this by separating the metals physi- 
cally, or by using insulation or pro- 
tective coatings. Another factor is 
the relative areas of the metals in 
contact with each other. Parts hav- 
ing the smaller area should be of a 
metal with a lower listing on the 
galvanic series table than the metal 
used for the larger area. 


When you plan against local action, 
remember that the corrosion process 
is galvanic: Electrons move from one 
point in the metal to another. One of 
the easiest ways to prevent local ac- 
tion is to use a metal with little or 
no impurity. When alloys are in- 
volved, make sure the constituents 
are closely listed in the galvanic 
series table. Local action may also 
be stopped by the use of protective 
coatings, which shield the metal from 
the corrosive media. Environment 
must also be considered, for its na- 
ture may be an important factor in 
either promoting or restricting cor- 
rosion. 


TECHNICAL ASSISTANCE 

As you can see, many factors are in- 
volved in both local and galvanic 
action. That’s why it’s best to bring 
your metal problem to Inco’s Corro- 
sion Engineering Service. Available 
data will be furnished wherever pos- 
sible . . . tests will be made where 
needed. Inco’s Corrosion Engineer- 
ing Service will be glad to apply 
principles of corrosion control to 
your specific problem. 


LITERATURE 


The publications listed below will 
provide more detailed information 
on how you can combat corrosion by 
using nickel-containing metals. 
Publication 
Number Name 
A232 . . . Corrosion Problems in Nuclear 
Reactor Power Stations 
. . Factors of Importance in the 
Atmospheric Corrosion Testing of 
Low-Alloy Steels 
..A Theory of the Mechanism of 
Rusting of Low-Alloy Steel in the 
Atmosphere 
Corrosion by Some Organic Acids 
and Related Compounds 
. Some Observations of the Potentials 
of Stainless Steels in Flowing 
Sea Water 
A complete list of the 187 Inco pub- 
lications and technical bulletins on 
nickel-containing metals can be ob- 
tained by writing for “List A”, to: 


*Registered trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York5, N.Y. 
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This 36-page booklet newly published by Allegheny 
Ludlum is packed with technical data and authorita- 
tive information on both welded and seamless stain- 
less steel tubing. There are more than 20 tables for 
ready reference and many photographs. 

It will be helpful to design engineers and others in- 
terested in solving the many critical and demanding 
pipe and tubing applications. 
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STAINLESS 
TUBING 


sent on request 


The booklet contains the best and latest informa- 
tion available on product and design data on the sub- 
ject—the partial contents listed give some idea of its 
scope. You'll want a copy for your files. 

Write for your free copy of Allegheny Stainless Steel 
Tubing, Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 
Address Dept. MP-5. 


ALLEGHENY LUDLUM 


Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS. 
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+. EVERY HELP IN USING IT 


Circle 1777 on Page 48-A 


| PARTIAL | 
| Welded Tubing 
| . Stainles, Pipe & Tubing 
‘ Military & Aitcraf, 
Industry S Uses 
100-C 


Busch & Lomb salutes: 
APPLIED RESEARCH LABORATORIES, INC. 


... for a major new contribution to metallurgy 


Here's new help in quantitative analysis, out- 
growth of the combined capabilities of ARL in 
x-ray optics and of B&L in light optics. 


With this new Electron Microprobe X-ray Ana- 
lyzer you can quantitatively analyze an area of 
about one square micron on a metallurgical speci- 
men for all elements in the periodic system from 
magnesium to uranium. A finely focused electron 
beam generates x-rays from the specimen in the 
area of electron bombardment. Three curved crys- 
tal x-ray spectrometers permit the simultaneous 
analysis of three elements continuously as the 
sample is moved across the electron beam. 


A wide choice of crystals and detectors allows 
optimum sensitivity for detection of each element. 
An integral B&L microscope, employing reflecting 
optics, permits viewing of the portion of the sam- 


WE CONGRATULATE 
OUR SUBSIDIARY 
—ARL, 

Glendale, California, 

for its 

development of an 
outstanding new tool for 
fundamental and applied 
metallurgical and 
materials research . . . the 
ARL Electron Microprobe 


Circle 1778 on Page 48-A 


X-ray Analyzer. 


ple surrounding and including the area being ana- 
lyzed, while analysis proceeds. 


A standard ARL recording console provides pen 
and ink records of both instantaneous and inte- 
grated values for the x-ray intensities of each ele- 
ment and for the electron beam current to the 
specimen. A multiplexing system allows the re- 
cording of all these values on a single recorder 
for a continuous scan of the sample. 


Ask your ARL representative for details of this 
new metallurgical research tool. Or write for full 
information: Applied Research Laboratories, Inc., 
P. O. Box 1710, Glendale 5, California. 
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cold extrusion of steel and in similar punches 
used for some deep drawing or deep dimpling 
operations, where flexing can occur. Again, 
in such applications, this new tough steel has 


proven superior. 6 
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Larger Tooling Will Focus 


Attention on Quality 
to Minimize Defects 


By P. R. BORNEMAN* 


A MAJOR TREND IS IN THE AREA of larger- 
size tooling. This is particularly evident in 
applications for hot work steels where large 
die castings are requiring larger and larger 
dies. Likewise, as larger extrusion presses are 
designed, tooling requires hot work steels for 
bigger dies. This increase in size of dies de- 
mands not only larger and more versatile pro- 
duction equipment for their fabrication, but also 
places more emphasis upon quality, since large- 
size tooling increases the possibility of defects 
occurring in an individual piece. 

This increased emphasis upon quality will 
require that more attention be given to vacuum 
melting and treating processes for tool materials. 
These processes now offer improvements where 
excellence of surface finish is of major impor- 
tance, such as in work rolls for cold finishing. 
It is also anticipated that vacuum melting will 
improve punch and die tool materials where 
fatigue failure causes premature breakage. 

In cutting tools, emphasis is being placed 
upon the application of high speed steels of the 
more highly alloyed types for difficult machin- 
ing operations encountered in the fabrication of 
high-temperature alloys. In the “super” high 
speed steel field also, the trend is toward re- 
placement of tungsten-base high speed steels 
with molybdenum-base materials. 


*Chief Research Metallurgist, Tool and Die 
Steels, Allegheny Ludlum Steel Corp., Pittsburgh. 
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Recently, a special cutting tool material was 
developed for fabrication of unground circular 
tools. It is substantially free from any non- 
uniformity of growth or contraction around the 
circumference during heat treatment. 


Special Properties Receive More Attention 


Increased emphasis on long production runs 
with cold work die steels (to meet competition 
from abroad) will see more attention given to 
highly abrasion resistant die steels. Deep 
drawing of the more exotic materials used for 
aircraft and missiles will also require die mate- 
rials which resist both wear and galling. Al- 
though fabrication of this type of die has proved 
difficult in the past, new techniques have been 
developed which make its use economically 
attractive and in many cases a necessity. 

It is expected that more of the 5% chromium 
air hardening steels will be used in cold work 
die applications. The size stability and other 
advantages inherent in these grades are widen- 


ing their uses. 6 


The 7178 Aluminum Extrusion Emerging 
From This 1200-Ton Hydraulic Press at Har- 
vey Aluminum Measures Over 28 In. Wide. 
The increase in size of dies for large ex- 
trusions puts more emphasis upon quality of 
hot work steels since the possibility of de- 
fects occurring is increased with larger- 
size tooling. Vacuum processing is being 
adopted to improve quality of die steels 
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A New Air Hardening, 
Graphitic-Type Tool 
and Die Steel 


By D. J. GIRARDI* 


Tue porutarity oF GRAPHITIC-TYPE tool- 
steels has been steadily increasing. They give 
exceptional performance and their attractive 
processing characteristics have lowered tool 
and die production costs. “Graph-Air’+ is a 
new toolsteel of this type which combines the 
desirable properties due to the presence of 
graphite with the advantages of air hardening, 
such as easier processing and greater dimen- 
sional stability. 

Graphite gives toolsteels unusual properties. 
It acts as a chip breaker and dry lubricant dur- 
ing machining. During hardening, it acts as a 
stress-relieving medium. The static coefficient 
of friction of a graphitic-type toolsteel is about 
50% lower than that of conventional toolsteels. 
Also, graphite reduces the modulus of elasticity 
—important for improved wear resistance. 
More elastic straining of the wear surfaces can 
occur before tearing takes place. “Graph-Air” 
contains 0.2 to 0.6% graphite after cooling from 
hot working or annealing; the graphite in the 
steel is exceptionally stable during further re- 
heating or hardening. 


Procedures for Hardening 


Our graphitic toolsteel can be hardened to 
Rockwell C-60 in still air, at the center of a 
6-in. round. Larger sections can be hardened if 
agitated air cooling, or partial oil quenching 
to black heat followed by air cooling, is used. 
Also, large sections can be satisfactorily air 
hardened from 1700° F., if this is followed by 


*Manager, Metallurgical Research and Process 
Control, Timken Roller Bearing Co., Canton, Ohio. 

Registered trade-mark, Timken Roller Bearing 
Co. A typical analysis for “Graph-Air” is: 1.35 C; 
1.85 Mn; 0.025 P max.; 0.025 S max.; 1.20 Si; 
1.85 Ni; 1.50 Mo. 
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tempering at high temperature. However, this 
is not recommended because of the added 
chance of scaling and decarburization. 

“Graph-Air” can be heat treated in the same 
salt baths and furnaces as the standard water 
hardening and oil hardening toolsteels. Treat- 
ment in the range 1450 to 1500° F. gives hard- 
nesses of Rockwell C-59 to 62 in 1 to 6-in. 
round sections. The lower hardnesses are 
obtained with the larger sections. 

Under normal conditions the aggregate hard- 
ness of the material is about two Rockwell C 
units lower than the actual hardness of the mar- 
tensitic matrix. This lower aggregate hardness 
stems from the inability of the Rockwell brale 
to miss the numerous graphite pockets in the 
steel. 

Recommended hardening procedures are as 
follows: For cross sections up to 2 in. thick, 
the tool is heated to 1450° F. and held at tem- 
perature for 1 hr. plus 30 min. per in. of thick- 
ness or outside diameter. The same procedure 
is followed for larger sections, with heating to 
1475° F. for 2 to 4-in. thick sections and 1500° 
F. for sections thicker than 4 in. Then it is 
cooled in air to room temperature. It is im- 
portant that room temperature be reached 
before tempering; otherwise unsatisfactory 
hardness will result. 

A good practice is to air cool until the piece 
can be handled with bare hands and then cool 
it in water before tempering. Temper is re- 
quired to hold size, hardness and maximum 
impact strength. Effects of tempering tem- 
perature on hardness are shown in Fig. 1. Pre- 
heating before hardening isn’t necessary but is 
considered good practice. Protection against 
excessive decarburization is recommended. 


Dimensional Stability Is Good 


Characteristic dimensional changes that oc- 
cur during air hardening and tempering are 
shown in Fig. 2. The magnitude of the dimen- 
sional changes during still air hardening and 
tempering is exceptionally small and essentially 
equal in the longitudinal and transverse direc- 
tions. These changes are at least as small as 
for the D-2 type steel (1.5% C; 12% Cr; 1% Mo) 
which is considered to be excellent in this 
respect. 

Cold treating after hardening is commonly 
used to obtain long-time dimensional stability. 
However, the retained austenite is strongly 
stabilized in the hardening and tempering 
operations, so cold treating is actually not 
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Fig. 1—How Tempering Temperature Affects 
Hardness of Graphitic-Type (Graph-Air) Toolsteel 


needed. When long-time dimensional stability 
is required, cold treating after tempering is 
recommended as an added precaution. This 
treatment assures stability without incurring 
the large dimensional changes that would arise 


from deep freezing directly after hardening. 

Toughness of “Graph-Air”, as measured by 
unnotched Izod impact, is comparable with 
results for A-2 and D-2 high-chromium air 
hardening steels. The elastic modulus of the 


Fig. 2 — Dimensional Changes in Graphitic Type (Graph-Air) Toolsteel During 
Tempering. Curves in top Bd are based on specimens hardened from 1450° F. 
Specimens for bottom chart (note increased scale) were hardened from 1700° F. 
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annealed material is 28.5 x 10° psi., compared 
to 32 to 34 x 10° psi. for nongraphitic annealed 
toolsteels. For steels in the hardened and 
tempered condition, these values would be 
somewhat lower. However, they would remain 
in the same relative order. 

Wear resistance of the material is excellent. 
Field test results in various die applications 
have shown it to be as wear resistant as the 
D-2 type high-carbon, high-chromium tool- 
steel. Because of the presence of graphite, it 
apparently galls and picks up less than D-2. 

Machinability of “Graph-Air” is not quite 
as good as that of oil hardening graphitic steels 
but compares favorably with that of conven- 
tional nongraphitic oil hardening toolsteels. 
The material is less sensitive to grinding dam- 
age than conventional oil hardening grades. 
The presence of graphite prevents any rapid 
buildup of surface stresses during grinding and 
thus inhibits crack formation. Wet grinding is 
recommended where possible. The tool mate- 
rial is readily welded. =] 
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Fundamental Studies Provide 
New Tool Materials for 


Many Areas of Metalworking 


By JOHN C. HAMAKER, JR.* 


Srupies OF FUNDAMENTAL PROPERTIES and 
microstructures of toolsteels during the past 15 
years have provided background for the devel- 
opment of new tool and die materials and 
improvements in their manufacture. By cor- 
relating data on bend, impact, abrasion, micro- 
hardness and hot hardness tests, with manufac- 
ture, heat treatment, carbide and matrix 
characteristics of the steel, existing grades have 
been improved and promising areas for future 
development have been delineated. 

This approach is illustrated by rapid progress 
in high-carbon, high-vanadium steels for super 
wear resistance which are now appearing in 
many grades. In 1939, J. P. Gill disclosed in 


*Director of Research and Metallurgical Engi- 
neering, Vanadium-Alloys Steel Co., Latrobe, Pa. 
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several patents that definite ratios of vanadium 
and carbon could be added to high speed steels, 
die steels, and carbon steels without changing 
the heat treating characteristics appreciably, 
while greatly increasing wear resistance due to 
formation of extremely hard vanadium carbide. 
Subsequent work showed that large additions 
of these elements — even to the extent of dou- 
bling the normal carbon content in high speed 
steel — decreased toughness surprisingly little 
(due to fineness and distribution of the car- 
bides), while hot hardness equaled, or ex- 
ceeded, the high-cobalt grades, and abrasion 
resistance surpassed all wrought tool materials. 

Additional research under a fellowship at 
M.I.T. defined the phase relationships more pre- 
cisely and showed the relative insolubility of 
this carbide at hardening temperatures. Micro- 
hardness studies revealed a carbide hardness 
equal to tungsten carbide. 


“Super” Wear Resisting Steels 


A flurry of high-carbon, high-vanadium tool 
and die steels have since been introduced. 
Some time ago H-13 was added to the series of 
5% chromium hot work die steels by raising 
the vanadium content from 0.50% to 1.00%, 
based on a research report showing improved 
hot hardness at 1.0 and 1.5% vanadium. More 
recently, hot work steels with still higher vana- 
dium content have appeared for forging jet 
blades and similar high-abrasion applications. 

Several high-carbon high-vanadium cold 
work die steels are now commercially produced 
for brick mold liners and extremely long run 
die applications. The high-vanadium, “super” 
high speed steels are among the most popular 
cutting tool materials, particularly suited to the 
new difficult-to-machine heat resisting alloys 
which require high positive rake angles for 
minimum work hardening. 


Fundamental Studies Are Important 


Other examples might be cited in which data 
on basic microstructures and properties are 
resulting in new or improved tool materials. 
Among these are a family of Matrix Steelst, 
based on fundamental phase studies, for spe- 
cial tooling applications. Vacuum melting is 
opening a whole new family of tool materials 
using compositions heretofore unavailable by 

+U.S. Patent No. 2,174,281; 2,174,282; 2,174,- 
283; 2,174,284; 2,174,285; and 2,174,286. 

{Registered trade-mark, Vanadium-Alloys Steel 
Co., Latrobe, Pa. Patent applied for. 
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air melting. Powder metallurgy contains still 
other broad areas yet unexplored. 

The future will see increased use of metal- 
é lurgical relationships in the design of new tool 
" materials for special applications, replacing the 
“rule-of-thumb” alloying methods. 


Air Hardening Grade 
And Vacuum Degassed 


Offer New Possibilities 


° By CHARLES T. EVANS, JR.* 
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WE ane arproacuinc the tool cost prob- 
lem of the metal fabricator from several stand- 
points. An important issue is quality control 
where statistical inspection is used to insure 
satisfactory tool life. Also, new processing tech- 
niques are getting a lot of attention in the belief 


*Vice-President, Technology and Development, 
Universal-Cyclops Steel Corp., Bridgeville, Pa. 


that much can be done without departing from 
the commonly used toolsteel grades. 

An example of processing improvement is 
our recent introduction of vacuum degassed 
H-13 (Thermold AV) toolsteel. This is of 
interest to the aluminum die-casting industry 
which is producing larger and heavier castings, 
in parts such as automotive transmission hous- 
ings, outboard motor shrouds, and power lawn- 
mower covers. These large die castings have 
created a requirement for extremely large sec- 
tions of sound quality toolsteels because many 
die cavities are machined from solid blocks 
weighing as much as 10,000 Ib. We are now 
vacuum degassing all die steels destined for 
these large sizes to insure freedom from gaseous 
impurities which might cause failure in service. 


Air Hardening at Low Temperature 


We have recently introduced a low-tempera- 
ture air hardening toolsteel, A.I.S.I. Type A6 
(Lo-Air). This grade combines the ease of 
machinability and the low-temperature heat 
treatment characteristics of oil hardening tool- 
steels, with freedom from cracking and defor- 
mation in heat treatment, typical of the air 
hardening types. Consumer acceptance leads 
us to believe that this development will help 
to shorten the time when air hardening tool- 
steels become the standard product for dies 
rather than the oil hardening types. The latter 
have, after many years, almost completely re- 
placed straight carbon, water hardening steels 
for dies. 

Over the years, particularly since World War 
II, molybdenum high speed steels have almost 
completely replaced tungsten high speed in 
perishable cutting tools. There are now only 
a few large users of high speed steel who are 
not able to routinely harden the molybdenum 
grades to get optimum cutting properties, 
whereas during the early days of the molybde- 
num types, heat treatment was a problem due to 
lack of familiarity in handling them. 

The cutting tool industry is now beginning to 
apply even more recent developments in molyb- 
denum high speed steels, such as M-7 (Motung 
CV) and M-33 (Super Motung Extra). The 


Trend Toward Larger Automotive Die Casting 
From Aluminum Is Requiring Large Sections of 
Toolsteels Which Are Vacuum Degassed to Insure 
Sound Quality. Many die cavities are machined 
from solid blocks weighing as much as 10,000 lb. 
(Courtesy Doehler-Jarvis Div., National Lead Co.) 
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unusually high carbon and high vanadium 
contents, typical of M-7 and similar newer 
molybdenum grades, provide extreme abrasion 
resistance and cutting ability. The M-33 type 
of high speed steel is another example of com- 
bining maximum hardness and abrasion resis- 
tance with good toughness. It probably repre- 
sents the best combination of toughness and 
abrasion resistance obtainable in what might 
be called the “super high speed” steels. Also 
important is its relatively low cost. 


Die Materials Based on Molybdenum 


One very promising area for development of 
new tool materials is the refractory metals. 
Considerable success has been realized with 
an alloy of molybdenum plus 0.5% titanium in 
both die-casting dies for zinc and aluminum and 
in the hot extrusion process for steel. 

The advantages of molybdenum in hot work 
applications are its extremely high resistance 
to heat checking, wash and erosion at elevated 
temperatures. At the present time, high hard- 
ness, usually associated with hot work tool- 
steels, cannot be secured with molybdenum- 
base alloys. But even at low hardnesses, many 
costly hours of extrusion press or die-casting 
machine downtime can be saved by the proper 
application of this metal. 

Research on molybdenum, as well as tung- 
sten, columbium, and other refractory alloys, 
is expected to continue at a high rate. This 
effort will be aided substantially by the com- 
pletion of our inert fabrication facility (“In- 
Fab”) where refractory metals can be hot forged 
and rolled at temperatures upward of 3000° in 
an atmosphere of inert gas. S 


A Pattern for Production 


Aluminum Oxide Tools 
Permit High Speed Machining 


By R. J. DORR* 


Sruvy OF THE USE of aluminum oxide for 
cutting tools began in Germany at the turn of 
the century and since then has been pursued in 
Europe, Russia and the United States. 


*Manager, Advance Product Engineering, Gen- 
eral Electric Co., Detroit. 
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In June 1955, Bennett Bovarnik and Wallace 
B. Kennedy of the Rodman Laboratory, Water- 
town Arsenal, published the results of their in- 
vestigation on machining steel with ceramic 
tools. It was concluded that metal could be 
machined with aluminum oxide cutting edges 
at speeds higher than could be employed with 
cemented carbide tools in use at that time. 

Industry wanted to know more about higher 
speed machining, longer tool life, and the pos- 
sibility of improving economics. 

One company producing cast iron brake 
drums converted to oxides after obtaining the 
following results in extensive tests: 


CARBIDE OxIDE 
Speed 467 fpm. 875 fpm. 
Feed 0.016 per rev. 0.015 per rev. 
Depth of cut 0.022 in. 0.022 in. 
Tool life per corner 20 pieces 75 pieces 
Cutting time per piece 45 sec. 27 sec. 

Another company converted to oxides for 
turning A.1.S.I. 1050 lathe spindles after ob- 
taining a 50% increase in production due to 
higher speeds. 

Results such as these proclaimed the begin- 
ning of a new era in cutting metals. However, 
higher cutting speeds showed up the need for 
better machine tools and for fixturing with im- 
proved rigidity, greater horsepower and finer 
balance. Equipment makers responded with 
experimental lathes which would operate up 
to 18,000 sfm.; a finish of 30 rms. on 1045 steel 
could be maintained using oxide tooling. 


Use of Existing Equipment 


The philosophy of extending the range of ma- 
chining with carbides to higher speeds through 
the use of oxide tooling had been established. 
What remained to be done before moving on in 
this direction was the development and installa- 
tion of new machine tools and fixtures. The 
laboratories had provided the tool materials, 
but machine tool development (which we must 
remember is predicated to some extent on a 
visible customer need) lagged behind. Thus, 
engineers interested in using oxides began to 
direct their attention toward available equip- 
ment and current jobs to gain productivity. 

Many of these applications overlap into areas 
where cemented carbides are employed. For 
example, a manufacturer of Meehanite iron 
cylinder liners used a WC-Co grade for both 
the rough and finish turning operations. The 
time required to machine a casting with 19 in. 
O.D. and hardness of Brinell 240 was 3 hr. 
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This two-step machining operation is now being 
done in one step, using oxide cutting tips and 
time has been reduced to 1 hr. 

A Detroit manufacturer reduced his cost 
80% in finishing a steel shaft because oxide tools 
eliminated the need for a final grinding opera- 
tion. Another important use for oxide tooling 
is in machining hardened steel parts (up to 
Rockwell C-62) where the normal machining 
method is grinding. 

Further work on cutting tool materials based 
on aluminum oxide is expected to improve 
toughness of tools and thus allow still further 
penetration into the carbide application area. 
Future improvements in oxide tool materials 
for the even higher speed machining will come 
with the successful bonding of higher melting 
oxides, or combinations of oxides, such as beryl- 
lium oxide, zirconium oxide and thorium oxide 
and through a better understanding of the 
mechanism of tool failure. 6 


New Hot Work Die Steel 
Has Improved Heat 


and Abrasion Resistance 
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By WILLIAM WILSON* 


To MEET THE NEED for a superior hot 
work steel, A. Finkl and Sons Co. developed 
“Shellex” —a new hot work die steel of the 
3.5% Cr-Mo-V type. 

Experience has shown that the analysis com- 
bines greater heat and abrasion resistance than 
that found in many other more highly alloyed 
steels. It has unusually high hardenability and 
high hardness with toughness. The quality of 
this new steel is further improved by vacuum 
degassing in the ladle, reducing the hydrogen 
and oxygen content to make the steel tougher 
and cleaner. 

Laboratory tests and experience from the field 
show that the hot work steel is a good material 
for extrusion rams, liners and supporting tools. 
Other applications include dies for forging and 
die casting. 


*Director of Research and Development, A. Fink] 
& Sons Co., Chicago. 
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Table I — Properties of Hot Work Die Steel 


LONGITUDINAL TESTS TRANSVERSE 


| 80°F. | 900°F. | 80°F. 
Tensile strength, psi.| 225,000 | 172,000 | 223,000 
0.2% yield strength 198,000 148,000 195,000 
Elongation in2in. | 5.3% 
Reduction of area 8.0% 23.6 


Both the high hardness and the greater heat 
resistance of the new hot work die steel are 
shown by the following tempering response 
after air hardening from 1850° F.: 


TEMPERING BRINELL 
TEMPERATURE HARDNESS 

Air hardened 601 
1000° F. 578 
1050 545 
1100 495 
1150 444 
1200 331 
1250 302 


The high hardenability of “Shellex” permits 
air hardening of massive sections. For example, 
a 14-in. diameter section had a hardness of 
Brinell 461 across after air hardening from 
1850° F. and tempering at 1000° F. and 1070° F. 
Tensile tests from the above round exhibited 
properties shown in Table I. 6S 
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Die Steel for Plastic Molds 
and Die Castings 
Has Higher Hardenability 


By M. J. DEMPSEY* 


AbvaNces ON A BROAD TECHNICAL FRONT 
in the toolsteel industry are providing improved 
materials at the fastest rate in history. Refine- 
ments in melting and casting techniques have 
led the way. We look for increased use of 
vacuum melting as a means of improving the 
quality and extending the usefulness of tool- 
steels. Vacuum induction melting and con- 


*Manager, Customer Technical Services, Tool- 
steel, Crucible Steel Co. of America, Pittsburgh. 
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Fig. 1 — Hardenability 
of Original CSM-2 Com- 


pared With Modified 
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= Jominy End - Quenched 
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sumable electrode melting will continue to be 
important, while the application of vacuum 
degassing to the production of toolsteels will 
undergo critical examination in the months just 
ahead. 

Some recent developments in tool materials 
at Crucible which hold significance for the 
metalworking industries are discussed below: 

High Speed Steel — Dimensional stability has 
been built into Rex M2S used by hob manu- 
facturers for accurate unground hobs. This 
factor helps to control variation in lead — so 
important to the hob maker. Proper balancing 
of composition has achieved maximum hard- 
ness, while free machining additives have in- 
sured finishability needed in “backed-off” 
cutters. 

Plastic Mold and Die-Casting Die Steel — 
The composition of CSM-2 has been modified 
to give it higher hardenability. The curves in 
Fig. 1 give the hardenability of new material 
compared with the original. Figure 2 shows 
the hardness pattern of a thick block of modified 
CSM-2 heat treated to Brinell 300. 

The higher hardness now obtained in the 
center of blocks up to 15 in. thick means longer 
die life. This steel may also be machined easily 
at Brinell 300 and it can be carburized safely 
in a single heat treatment. 

Shock Resisting Toolsteel — LaBelle HT, our 
toughest toolsteel, came of age during 1959. 
It is an outgrowth of our extensive research 
into the silicon-manganese steels. Its compo- 
sition is 0.43 C, 1.85 Mn, 2.25 Si, 1.35 Cr, 0.40 
Mo, and 0.30 V. At the commonly recom- 
mended hardness of Rockwell C-54 to 56, this 
toolsteel has a V-notch Charpy impact strength 
of 15 to 16 ft-lb. Such high toughness allows 
the tool designer a far greater factor of safety 
where tools are subject to impact stresses. © 
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Throw-A way Inserts 
With Carbide Llements 
Offer New Concept of Economy 


By DENNIS G. JONES* 


Tiumry YEARS AGO the expressions “ce- 
mented carbide” and “throw-away” inserts 
would have been as incompatible as profit and 
loss. Today, they are combined to produce 
profits. In fact, the change is even more phe- 
nomenal than might have ever been imagined 
because cemented carbides are now being used 
for mechanical elements as well as for cutting 
tools. 

It has been demonstrated, for instance, that » 
a solid carbide boring bar, utilizing “throw- 
away inserts, can amortize itself in less than a 
year just through time saved. The resulting 
higher quality piece and less scrap are added 


*Assistant Chief Engineer, Kennametal, Inc., 
Latrobe, Pa. 
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benefits. The full impact of these concepts 
has not yet been realized. 

The throw-away carbide, indexable cutting 
insert was quickly accepted. The elimination 
of expensive diamond wheel regrinding, with 
its inherent control problems, was a welcomed 
change. The availability of a wide variety of 
inserts that could perform almost any common 
turning, boring or facing operation with high 
precision was immediately recognized as a 
basic tooling improvement. 


Wasting Dollars to Save Pennies 


Unfortunately, however, the biggest benefit 
of all was slow to be recognized. Strangely 
enough, the concept of “economical tool life” 
is more than half a century old. F. W. Taylor, 
the father of the science of metal-cutting, stated 
in his treatise on the subject in 1906 that 
“... the man who boasts of having run a tool 
without regrinding, say for longer than one 
and one-half hours on ordinary shop work, is 
merely boasting of how little he knows about 
the art of cutting metal cheaply”. 


Although Taylor's work was done with high 
speed steel tools, it is just as true with carbide 
tools today — the man who boasts of long tool 
life is often “wasting dollars to save pennies”. 

The average metal cutting operation costs 
about $8.00 per hr., or $64.00 for man and 
machine for 8 hr., plus tool cost. If, in a hypo- 
thetical situation (many real ones can readily 
be found), 100 pieces are produced in 8 hr., 
the cost is $64.00 plus $2.00 for tools and the 
net cost is $0.66 per piece. 

If the operating conditions are changed to 
permit production of 200 pieces per shift, there 
obviously will be an increase in tool cost. It 
may even be substantial, perhaps four times as 
much. This would mean $8.00 tool cost for 
200 pieces, plus the constant $8.00 per hr., 
$64.00 per shift, man and machine cost or a 
total of $72.00 per 200 pieces. The savings are 
obvious: The cost is $0.36 per piece, a saving 
of $0.30 per piece. The difference in cost for 
production of 200 pieces would be $60.00. 

This can only be realized because of the short 
time required to index the inexpensive, throw- 


A 64'-in. Tungsten Carbide Boring Bar Is Used in Machining Powder 
Chambers of the 120-Mm. M58 Gun Tube at the Watervliet Arsenal. 
Carbides have a high Young’s modulus of elasticity and a carbide bar 
deflects only about one-third as much as a steel one under a given load. 
In this instance, the use of throw-away insert tooling in the bar and 
elimination of vibration permitted a change to a harder cutting edge 
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away insert. Herein, then, lies the secret to 
important savings: an inexpensive, quickly 
reproducible cutting edge. 


Carbide as a Mechanical Element 


Since carbide is not an expensive commodity, 
much can be said for its use as mechanical ele- 
ments in the field of metal cutting. Noteworthy 
among the practical applications here has been 
its use in the form of boring bars. 

Solid pieces of carbide have an important 
property not found in any other engineering 
material —a Young’s modulus of elasticity of 
more than 90,000,000 psi. This value is three 
times greater than steel. It means that solid 
carbide bars deflect only one-third as much 
under a given load. Bores with a length-to- 
diameter ratio of 10 to 1, and more, can be 
accurately produced with these carbide bars. 
The elimination of chatter gives better finishes 
and longer tool life. 

The high Young’s modulus of carbide has 
also been applied to grinding quills, and inves- 
tigations are now being conducted with solid 
carbide, single-point tools. These, it is be- 
lieved, can be used where conditions require a 
small shank cross-section, superior finish and 
extreme accuracy. 

The intelligent use of “throw-away” inserts, 
especially when complemented with solid car- 
bide mechanical tooling elements, can lead to 
a new concept in low-cost production. S$ 
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Better Hot Work 
Loolsteels and Improved 
Forging Dies Benefit Fabricators 


By STEWART G. FLETCHER* 


Even THoucH MODERN TOOL AND DIE 
STEELS possess the same basic composition they 
have had for years, today’s materials are far 
superior in performance because of quality 
improvements. They have also been helped 
by minor changes in analysis to better balance 
their properties. Constant education in the 


Latrobe 
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proper use and heat treatment of tool and die 
materials has added greatly to their utility. 

Hot work die steels are an exception, for 
their alloy content is now being juggled about 
very considerably. With extrusion, die casting, 
and plastic molding growing rapidly, the re- 
quirements for hot work die steels have tended 
to outstrip their capabilities. Many laborato- 
ries are working on these problems, and while 
it is doubtful that a really major contribution 
will be brought about by changes in composi- 
tion alone (at least without going to alloys 
based on the refractory metals), significant 
progress is being made. 

Some of the principles learned in high speed 
alloying —for example, use of properly bal- 
anced vanadium and carbon additions to im- 
prove wear resistance of hot forging dies with- 
out sacrificing resistance to cracking — are ac- 
tively being pursued. Dies for forging jet 
engine buckets from superalloys have been 
greatly improved in recent months as a result 
of this development and even greater improve- 
ments are expected in the near future. 

Even in this category, however, any change 
in alloy has been overshadowed by work to 
improve the quality of product. Since dies 
most often fail by thermal fatigue and crack- 
ing, cleaner, sounder steel has reduced this 
tendency markedly. 


Research Aimed at Major Problems 


Given below are some of the areas of tool 
and die steel technology in which research 
effort is being directed. 

1. Better dimensional control in heat treat- 
ment — Ideally, a tool or die should be finish 
machined, then heat treated, sharpened and 
put in service. Present steels change size and 
warp in heat treatment too much to allow this; 
consequently expensive finishing operations are 
necessary. This effect is becoming even more 
significant because industry is requiring more 
and more precision in its products. Close 
chemistry control, and refined heat treating 
practices help, but anisotropy still persists and 
requires close study. 

2. Better machinability and grindability — 
Toolsteels are traditionally hard to machine 
and grind. Significant advances were made 
several years ago when sulphurized toolsteels 
were introduced by Latrobe Steel Co., but 
additional improvements are needed. 

3. Adaptation of vacuum melting techniques 
— When tools and dies are used to their opti- 
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mum capability (unfortunately, this is very 
rarely the case), the additional cleanliness and 
improved mechanical properties of vacuum 
melted toolsteels will become significant. @ 


New Carbide for High 
Speed Cutting: Ingot Structure 
Emphasised in Toolsteels 


A Pattern for Production 


By W. E. MONTGOMERY 
and E. W. KALB* 


Phosasty THE Most SIGNIFICANT charac- 
teristic of modern cutting, so far as its influence 
on cutting tool metallurgy is concerned, is high 
speed of operation. In evaluating the proper- 
ties for a cutting tool operating at high speed, 
the following points should be considered: 

1. The cutting tool material must be harder 
than the material being cut. Cutting efficiency 
depends largely on the difference between the 
hardness of the cutting tool and the material 
it is cutting. The greater the difference, the 
greater the operating efficiency. 

2. A cutting tool must retain a large measure 
of its hardness at elevated temperatures. It 
is characteristic of a metal cutting operation 
that as the speed increases the temperature 
generated at the tool-chip interface increases. 
A good cutting material is one which not only 
has high hardness at room temperature, but also 
possesses the capacity to retain its hardness in 
the cut. 

3. The cutter must have sufficient mechanical 
strength to resist the tendency of the cutting 
forces acting on the tool to cause fracture. 

4. The coefficient of friction must be low to 
facilitate chip flow and to minimize the tend- 
ency of chips to weld to the cutting edge. 


New Carbide Cutting Material 


Because of its ability to retain hardness under 
the most extreme cutting conditions, Firth Ster- 
ling’s metallurgists feel that, at least for the 


*Mr. Montgomery is Chief Engineer, Carbide 
Div., and Mr. Kalb is General Manager, Steel 
Sales Div., Firth Sterling, Inc., Pittsburgh. 
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immediate future, some form of conventional 
carbide offers the best basis for a finishing 
material capable of operating in the high speed 
ranges now coming on the scene. This satisfies 
the first two of the necessary properties noted 
above. We believe that the third property, 
strength, can be satisfied only by binding the 
carbide particles together with a metallic binder 
sintered in liquid phase. Accordingly, our re- 
search work has developed a new material for 
high speed machining, called grade WF. It is 
basically a titanium carbide, with nickel as a 
binder, and containing molybdenum carbide as 
an alloy addition. 

Titanium carbide is considerably harder than 
tungsten carbide and it retains most of its 
strength at temperatures as high as 2500° F. 
This hardness-retaining characteristic, plus the 
peculiar ability of the binding matrix to resist 
erosion of the chip at high speeds, appears to 
make this material ideal for the purpose for 
which it was designed. 

What this means in a practical sense is illus- 
trated by the example below. On a typical cut 
on mild steel with all conditions except speed 
maintained constant, a number of cutting mate- 
rials were tested to determine their maximum 
effective cutting speeds with these results: 


Carbon steel 65 sfpm. 
High speed steel 125 
Cast cobalt alloys 225 
Carbide 
semi-finishing steel grades 400 
precision finishing steel grades 550 
Grade WF 1500 


On other cuts, in production, the new carbide 
has been used at speeds as high as 2000 sfpm. 


Good Strength Properties 


Optimum cutting speeds for this grade ap- 
proach those for the best ceramic tool materials, 
but its superior strength allows it to take 
severe cuts usually resulting in greater weight 
of metal removed per unit of time. The graph 
in Fig. 1 showing tool life as affected by cutting 
speed, based on actual service testing, illustrates 
the excellent wear properties of this new grade. 

One plant employed the new carbide for 
boring an S.A.E. 1045 steel casting. Here, the 
surface speed ran as high as 1700 sfpm. Hard- 
ness of this casting was Rockwell C-38, and it 
was necessary to hold the bore to a 0.0002-in. 
limit on a 7-in. diameter bore, which was 6% 
in. long. Using a depth of cut of 1/16 in., and 
a feed of 0.002 in., the user completed six pieces 
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within the allowable tolerance limit before 
indexing became necessary. Using conven- 
tional carbides, it had not been possible to 
complete even one piece. 

In selecting applications for high speed cut- 
ting materials, the engineer must consider care- 
fully their inherent physical characteristics. 
Such materials are extremely hard and this, in 
large part, accounts for their useful properties. 

Unfortunately, as hardness of the carbide 
increases, the transverse rupture strength de- 
creases. Selection of a type for a particular 
application then becomes a compromise to suit 
the conditions of the cut. Because of their 
lower transverse rupture strength, greater con- 
sideration must be given to the conditions 
under which our new carbide, or any of the 
harder carbides or ceramics, are presented to 
the work. The following points are important: 

Cutting tips should be mechanically held, if 
possible, in order to utilize all the strength 
built into the material for useful work. Be- 
cause of the different coefficients of thermal 
expansion between a steel shank and the car- 
bides, brazing induces an inherent stress in the 
carbide tip which weakens it. Mechanically 
held inserts, on the other hand, are not stressed 
and are at full strength when put to work. 


Negative Rakes Recommended 


In nearly all instances, satisfactory results 
will be realized only through the use of nega- 
tive rakes. The inclination of the insert toward 
the work, because of the negative rake, dis- 
tributes cutting forces in such a way that they 
are opposed by equal forces from the support- 
ing tool holder. The result: The insert is 
loaded in compression, and the carbides are 
characterized by extremely high compressive 
strength. 

On the other hand, the distribution of forces 
in positive rake cutting is such that at least 
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Fig. 1—Tool Life of 
New Carbide at Various 
Cutting Speeds. Test log 
on A.I.S.I. 4140 steel, 
Brinell hardness 175. 
Tool life in minutes 
to 0.030-in. wear land. 
Depth of cut, 0.125 
feed, 0.005 in. 


part of the insert is loaded in shear, a condition 
which is conducive to premature breakage of 
the harder cutting materials. However, in spite 
of the limitations which must be put on the 
use of high speed carbide and ceramic cutting 
materials, there are many applications at this 
time particularly suited to their use. 


Improved Die and Tool Steels 


In tool and die steels, metallurgical improve- 
ments are coming from several directions. In- 
creasing emphasis is being placed on controls 
in steelmaking such as closer control of slag, 
de-oxidizing procedures, and temperature and 
mold design in order to improve cleanliness and 
attain minimum segregation. Closer control 
of rolling and forging practices, as well as heat- 
ing cycles, is maintained in order to insure opti- 
mum response to heat treatment. Benefication 
by a consumable melting process, such as the 
Hopkins process, is being investigated by Firth 
Sterling as a means to improve ingot structure, 
reduce segregation, improve physical properties 
and response to heat treating. 

While temperature and variations in mold 
design are important for minimizing segrega- 
tion in alloy tool steels, other innovations will 
further improve quality. Seeding and sonic 
vibrations are laboratory approaches to improv- 
ing ingot structure and soundness. In addition, 
work is being done on improving ingot struc- 
ture by various methods of vacuum teeming to 
control gases with their accompanying difficul- 
ties, such as flaking and slits, which show up 
in the finished tools. 


Studies of Basic Compositions 


Further improvement in toolsteels will result 
from study of chemistry of the materials in- 
cluding such factors as the effect of residual 
elements on physical properties. Not only 


will the negative effects of residuals be studied, 
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but also the possibilities of improving mechan- 
ical properties by the addition of specific ele- 
ments. In the future, we will benefit a great 
deal from the work we are doing on mechanical 
properties required by materials for jet engine 
and missile applications. In all probability, a 
new family of steels will evolve, based on the 
precipitation hardening family of high-tempera- 
ture alloys, such as A-286 and M-252. —) 
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Working of Metastable Austenite 


Promises to Improve Toolsteels 
By R. F. HARVEY* 


Ix rue comp work DIE FIELD, a new air 
hardening grade designated “Airque V” is find- 
ing wide acceptance. The analysis of this new 
steel is 1.25% C, 0.50 Mn, 0.30 Si, 5.25 Cr, 
1.15 Mo, 1.00 V. It combines the wear 
resisting properties characteristic of the high- 
carbon, high-chromium grades with the high 
degree of toughness and nondeforming proper- 
ties for which the standard 5% chromium, air 
hardening grades are well known. 

A new development in general-purpose hot 
work steels is the use of the 3%% chromium- 
vanadium grades with combinations of molyb- 
denum or tungsten. These compositions, which 
have higher red hardness and resistance to tem- 
pering than the standard 5% chromium hot 
work steels, have been particularly successful 
for extrusions. Vastly improved die materials 
or methods of reducing friction are needed for 
the extrusion of steel, high-temperature alloys 
and refractory metals. Even with molten glass 
as a lubricant, die life in extruding stainless 
steel is limited to about 10 or 12 billets. A 
breakthrough here could profoundly change 
steel producing and fabricating processes. 


High-Speed Machining 


The future will see machining operations 
carried out at speeds well beyond that possible 
with today’s machines. Tests made by firing 
a workpiece out of a rifle past a cutting tool 
indicate that surface speeds as high as 160,000 


*Research Metallurgist, Braeburn Alloy Steel Co., 
Braeburn, Pa. 
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ft. per min. are feasible. At these fast rates, 
high speed steels are superior to carbides. 
Under development is a new composition which 
is hardenable to about Rockwell C-70. 

Because of the improved mechanical proper- 
ties obtained by working alloy steels in the 
metastable austenitic condition, increased use 
of this technique on toolsteels (U.S. Patent No. 
2,717,846) is anticipated. On high speed steels, 
mechanical working in the metastable austenitic 
condition changes the microstructure and gives 
higher hardness (2 to 3 points) after hardening 
and after tempering. 


Precipitation Hardening Toolsteels 


While some precipitation hardening steels 
are used for high-temperature and corrosion re- 
sisting applications, this method of hardening 
steels has never been applied extensively to 
tools. Under development are new composi- 
tions of this type for applications such as plastic 
molds and dies for die casting zinc and alumi- 
num. For brass die castings, present steels 
have definite limitations and need improvement. 

In recent years improvements have been 
made in steel processing to minimize distortion 


Automotive Brake Mounting Backing Plates Are 
Stamped From Hot Rolled Sheets on This 400- 
Ton Press at the American Stamping Co., Cleve- 
land. Two stamping operations are combined: 
At right, the blanking and first forming operation 
is done on one set of dies. Plates are then 


placed by the operator onto the second die, at 
left, where the second forming is performed 
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and out-of-roundness on unground hobs and 
form relieved cutters. It is anticipated that 
these procedures will also prove beneficial to 
manufacturers of thread roll dies and other 
components since costly finish grinding may be 
minimized or eliminated. 
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New Toolsteels for Improved 
Abrasion Resistance and Cutting 


of Superalloys 


By THOMAS W. GABRIEL* 


ww currinc high-tempera- 
ture alloys and some nonferrous metals, such 
as Zircaloy, have spurred the development of 
several modified grades of high speed steels. 
Work has also gone forward to devise high 
speed steels with a longer cutting life and it 
appears that M-7, with a slightly higher vana- 
dium analysis than M-1, is receiving wide ac- 
ceptance particularly for cutting the so-called 
normal grades of steel. 

Jessop is deeply involved in the improvement 
of toolsteels for higher abrasion resistance. One 
application will be in molds, primarly for ce- 
ramic materials. We are also working on de- 
velopments whereby these abrasion resistant 
materials may be clad with a soft steel backing 
for sliding abrasion, with the added advantages 
of shock resistance and ease of attachment. 
Satisfactory progress is being made here when 
the clad material is used as a flat rolled product. 
However, where form, and control of form after 
heat treatment, are factors, new techniques are 
needed to overcome difficulties which still exist. 


Progress in Dies for Drawing and Blanking 


While cast-to-shape toolsteels have been used 
as dies in the cold forming of automobile 
bumpers for some time, progress is being made 
with these steels in drawing sheet steel and to 
some extent in blanking thin-gage material. 
Some experimental work is also being done 
with these tools in extrusion, particularly of 
aluminum, for backers and dummy blocks but 
not for the die itself. 


*Vice-President — Commercial, Jessop Steel Co., 
Washington, Pa. 
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Precision ground toolsteel, commonly re- 
ferred to as flat stock, offers die shops an ad- 
vantage in that the pieces can be marked 
without preliminary machining. Also, there is 
a growing interest in the low-temperature air 
hardening grades — A-4 and A-6 — for general 
tool and die work because of their relative free- 
dom from movement in heat treating at 1500 
to 1600° F., with air quenching. For jigs and 
fixtures some toolmakers are using air hardening 
fixtures, in the same grade of toolsteel as the 
die. These are used to hold complex dies se- 
curely to minimize growth or movement during 
heat treating. 
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Plastic Tooling Proves 
Useful When Applied 
Within Its Limitations 


STAFF REPORT 


"Tuere 1s a LESSON to be learned from the 
automotive industry when it comes to plastics 
for tooling. Estimates place the total outlay 
for plastic tooling among the auto companies 
at close to $30 million annually. Earliest inter- 
est was focused on plastics for stamping dies. 
Today, however, plastics do not find great use 
in this application compared to conventional 
die materials. 

Why this is so probably stems from the initial 
“oversell” of plastics, their indiscriminate use 
based on recommendations of those not familiar 
with the problems encountered in forming 
metals. It has therefore been necessary for 
auto engineers to back off somewhat from their 
early enthusiasm. 

By far the most extensive application of 
plastics lies not in dies but in the intermediate 
tooling. These include duplicate models, spot- 
ting and inspection fixtures, templets and proto- 
type panels. In the auto industry, tooling 
starts from the clay model of a new design. 
From this, drawings are made of the various 
panels, then master models of mahogany which 
are replicas of sections of the original clay 
model. Plastics enter the picture now in the 
form of duplicates of these master models — one 
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for constructing dies, one for constructing as- 
sembly fixtures, and a third for constructing 
inspection fixtures. 

Construction of these duplicate models is a 
critical operation. Basically, it consists of du- 
plicating the desired surface as a skin of resin 
laminated with glass cloth. This lamination 
of resin and glass cloth, generally less than % 
in. thick, is then mounted on a rack for struc- 
tural rigidity and dimensional stability. Dimen- 
sional stability of the duplicates is an absolute 
necessity. Obviously the duplicates must not 
change shape with age, else when fixtures are 
placed into production, perhaps months later, 
the panels from the dies may not check out. 

Resin-rich lamination (resin in excess of 50% 
by weight to glass cloth) and poor technique 
in constructing the supporting racks are the 
principal causes of distortion in the model. If 
the supporting rack is of metal construction, 
it must be normalized to eliminate residual 
stresses; if constructed of plastic tubing, it must 
be precured. This must be done before the 
rack is joined with the laminated duplicate 
which it is to support. 


Plastic Dies 


As pointed out earlier, plastics have not 
proved to be a universal die material. But 
plastic dies, most of them epoxy resin, are being 
successfully used today by those who are fully 
aware of their limitations. Generally, plastic 
dies offer potential economies in short produc- 
tion runs, for experimental and prototype cool- 
ing, and where quick production with short 
lead time is desired. This last advantage may 
be lost, of course, because of delays in con- 
structing follow-up dies such as those used in 
trimming which are usually made of conven- 
tional die materials. Plastic prototype dies are 
also used when the feasibility of a production 
die is questicned after design of the part or 
design of the steel die. 

Aircraft companies use plastic dies exten- 
sively. In stretch forming of panels, for ex- 
ample, plastic dies have proved suitable for 
low-volume production runs which are com- 
mon in the aircraft industry. Dies are usually 
laminated or cast plastics. With plastics, par- 
ticularly in large castings, the engineer must 
contend with shrinkage resulting primarily 
from the exothermic reaction between the 
epoxy and the hardening agent. Heat released 
as the plastic sets raises the temperature to 
over 200° F. Contraction is on the order of 
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Checking Fixtures Made From Reinforced Plas- 
tics or Combinations of Steel and Plastics 
Are Used Extensively at Chrysler Corp. 
Shown here, the outline, contour and hole lo- 
cations of tailgate panel for a Plymouth Sub- 
urban is being checked on a plastic fixture 


0.00004 in. per in. per ° F. as the plastic cools. 
To offset this, plastics men add organic or in- 
organic fillers such as steel and glass fibers — 
even gravel. These not only reduce contraction 
but change other properties such as strength 
and thermal conductivity. 

Dies may also be made in the form of a 
plastic facing about 4 in. thick on a cast metal 
core, such as Kirksite or iron. 


New Technique 


One of the most promising die developments 
is that of molecular deposition. In this process, 
a nickel compound in the gaseous state is 
brought in contact with a heated male or female 
model in a closed chamber. Thermal decompo- 
sition of the gaseous compound occurs at the 
surface of the model and a shell of nickel up 
to 4 in. in thickness is deposited. For dies the 
shell is made about ¥% in. thick. Although the 
nickel shell may be self-supporting, it is often 
backed up with a plastic core. 

What are the limitations of plastic dies? For 
one thing, they will not set a sharp radius. Nor 
will they tolerate burrs on the sheet metal 
blanks without being scored. Almost perfect 
metal flow over a plastic die is necessary; 
wrinkling will soon cause localized wear. gS 
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Special Report 


Molybdenum... 


Modern Tool Materials and Metal Fabrication 


Molybdenum makes a good die material for hot extrusion because of 


a Material for Steel Extrusion Dies 


By W. L. STEINBRENNER* 


its high-temperature strength at extrusion temperatures. It is comparatively 
easy to machine and is resistant to galling during extrusion of steel. 
Dies fabricated from molydenum outlast conventional steel 


The exreusion pie 1s undoubtedly the 
most critical factor restricting greater use of the 
hot extrusion process for steel and titanium fab- 
rication. Dimensions, tolerances and section 
configuration of hot extrusions are limited by 
the physical characteristics of currently avail- 
able die materials which are capable of with- 
standing to only a rather limited extent the 
service conditions imposed during hot extru- 
sion. The seriousness of this problem is 
partially indicated by three contracts presently 
being sponsored by the Air Force for the de- 
velopment of extruded steel and titanium air- 
frame components. One of the major phases 
of this investigation is concerned with the 
extrusion die. 

In choosing a material for hot extrusion dies 
two basic factors must be considered — physi- 
cal properties and cost. Both of these must be 
examined in detail to evaluate the full poten- 
tial of a particular die composition. 

Analysis of the service conditions to which 


*Research Engineer, Stainless Steel Section, 
Graham Research Laboratory, Jones & Laughlin 
Steel Corp., Pittsburgh. In acknowledgement, Uni- 
versal-Cyclops Steel Corp. made the initial sug- 
gestion of using molybdenum for hot extrusion dies, 
and supplied the first three die blanks investigated. 
The fa also wishes to thank H. M. McCullough 
of that company along with J. K. Seyler, R. F. Kegel 
and T. E, Dancy of Jones & Laughlin Steel Corp. 
for their cooperation and assistance during this 
investigation. 
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extrusion dies by many times. (W24n, F24; Mo, 17-57) 


a hot extrusion die is exposed suggests that a 
good die material should be resistant to thermal 
shock, shock loading, galling and flow (or 
“wash’”). 

Spalling of the die surface exposed directly 
to the extruding metal cannot be tolerated be- 
cause such a condition generally leads to pre- 
mature die failure. An extrusion die also must 
be capable of withstanding shock loading which 
results from rapid change in stress distribution 
during the extrusion cycle. Further, the die 
should not gall. This would not be a problem 
if complete lubrication could be maintained 
throughout the entire extrusion. 

A metallographic study of hot work die steel 
indicates that the surface layer of the die 
directly exposed to a hot steel billet being 
extruded at 2300° F. reaches temperatures in 
excess of 2000° F. to a few thousandths of an 
inch in depth. A die material, therefore, should 
possess sufficient strength at temperatures near 
that being used for extrusion so that the sur- 
face of the die does not flow or “wash”. This 
property, flow strength — commonly thought to 
be wear or abrasion resistance — seems to be 
characteristic of the tensile strength of the die 
material at elevated temperatures. 


Cost Considerations 


The two most important methods of fabrica- 
tion for steel and titanium extrusion are shell 
mold casting and machining from forged 
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Fig. 1—Comparison of the Tensile 
Strength of Molybdenum and a Hot Work 
Die Steel With Respect to Temperature 


blanks. Because of high machining costs, the 
trend has been to cast dies since these require 
very little finish machining. A good die ma- 
terial, therefore, should either possess satisfac- 
tory casting properties or (if not castable) good 
machinability. 

The cost of die stock is probably given pri- 
mary consideration by most users of extrusion 
dies. Material cost, however, must be judged 
in relation to the other factors which have been 


discussed, or else promising materials, although 
relatively high in cost, may be disregarded 
without realizing their full potential. An ex- 
pensive extrusion die must yield significantly 
higher life in order to be competitive with 
lower-priced dies. 


Molybdenum Has Good Die Properties 


Molybdenum, a high-priced metal, possesses 
a number of physical characteristics which 
make it a potentially good hot work material. 
It melts at 4760° F., has a high recrystalliza- 
tion temperature, and good mechanical proper- 
ties at elevated temperatures. Its high thermal 
conductivity rapidly dissipates heat from the 
die surface. The possible presence of a lubri- 
cating film of one of its oxides minimizes the 
amount of die galling which occurs during 
extrusion and the subsequent amount of die 
dressing required. 

It has been previously mentioned that during 
steel extrusion the surface of hot work steel 
dies can reach temperatures in excess of 2000° 
F. Figure 1 shows the comparative difference 
between the tensile strength of molybdenum 
and a hot work die steel with respect to tem- 
perature. As can be seen, molybdenum has a 
significantly higher tensile strength than the 
hot work die steel at temperatures above 1300° 
F., and consequently the flow strength of mo- 
lybdenum is higher than that of the hot work 
die steel in this temperature range. Thus, with 
molybdenum there is less tendency to flow or 
“wash”. Below 1300°F., however, the flow 
strength of the hot work die steel exceeds that 
of molybdenum. The bulk of the steel die is, 


Table I — Production Data on Molybdenum Alloy Hot Extrusion Dies 


Dig | 
| Bi 
Die | Prorite| Face D 


AREA IAM. | 
| Diam. | 


| Exrrusion 
Ratio 


EXTRUDED No. oF 
Lenctu | Extrusions 


MATERIAL 
ExTRUDED 


1* d | 2in. | 0.271 sq.in. | 
0.679 


ou 
5 


C 


A 
B 
I 

E 
E 
G 


C 1018 22.2 ft. 146 
22.0 
12.0 
17.5 
19.0 
19.0 
10.0 
13.3 
11.0 


*Die preheat, 250° F.; all other dies preheated at 700° F. 
tThese dies broke during trial runs; all others were still usable when extrusion runs were complete. 
tFabricated from disks cut from hot rolled bar; others fabricated from forged blanks, 
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| 250 
pan 
200 
150 
48 
3 3 1.082 21 
| 9 0.292 44 
6 45 | 
7t 19 | 
8 16 | 
9 | 10 
117 


therefore, more stable than that of molybde- 
num. Profile backers must be used with the 
molybdenum die because of the low bulk flow 
strength. Even then slight deformation of the 
die will occur. This can be used to advantage 
because the deformation is not great enough to 
cause failure of the die; often it is just sufficient 
to compensate for the wear on the bearing sur- 
face. In some instances, certain die dimensions 
must be opened a few thousandths of an inch 
after 100 or more extrusions. One should not 
be led to believe that the superior performance 
reported for molybdenum dies is due princi- 
pally to slight deformation or closing of the die. 
It will be shown that superior die life has been 
achieved with little or no die closure. The 
amount of die closure is dependent upon the 
profile of the die and the specific extrusion 
pressure. 

Molybdenum has a thermal conductivity al- 
most twice as great as hot work steels. There 
is a good possibility that the surface of a mo- 
lybdenum die never reaches the temperature 
experienced by a steel die. The lower the sur- 
face temperature of the die during extrusion, the 
higher is its flow strength. Consequently, the 
amount of flow of the die surface will decrease. 

Although shock resistance of molybdenum is 
inferior to that of hot work die steels, it is more 
than adequate, after the die is properly pre- 
heated, for hot extrusion. 

In our investigation molybdenum dies ex- 
hibited little tendency for galling during steel 
extrusion. Generally, the molybdenum dies 
were cleaned in the die holder and run con- 
tinuously, whereas conventional hot work steel 
dies were removed from the die holder after 
each extrusion and cleaned and dressed. The 
superior nongalling characteristic of molybde- 
num may be attributed to the formation of a 
very thin film of MoO; on the die surface dur- 
ing extrusion. This oxide melts at 1465° F. and 
reacts with molybdenum to form a lower-melt- 
ing (1430° F.) oxide, MoO», which could act as 
a lubricant during extrusion. No attempt was 
made to determine the presence of such a film. 
It seems very likely that it would form under 
extrusion conditions. 

No molybdenum dies were evaluated for ex- 
trusion of titanium. Some limited work has 
been reported but additional work is needed. 


Easier Die Fabrication 


A number of molybdenum dies were fabri- 
cated from either forged blanks or disks cut 
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from hot cold rolled bar. The composition of 
both the forgings and bar stock was 99.5% 
Mo + 0.5% Ti; the hardness of each was Rock- 
well B-95 to 100. This low hardness, compared 
with conventional die materials, greatly facili- 
tated die machining and bench work. Dies 
were initially machined on standard diemaking 
equipment and subsequently finished by hand. 
Finished dies were given no heat treatment, but 
were used in the as-received condition. 
Because a molybdenum die is relatively soft 
even after use, it is easily reworked to a new 
profile of larger dimensions. This is not feasi- 
ble with used steel dies due to their higher 


Fig. 2— Molybdenum Die Profiles (Actual Size) 
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hardness. Softening them for reworking is not 
practical. 

Thus, we see that when molybdenum is used, 
three savings can be achieved during die fabri- 
cation. Molybdenum dies are easily machined, 
require no heat treatment, and can be reworked 
into new profiles after use. 


Molybdenum Die Performance 


A series of investigations were undertaken 
at the J&L extrusion plant to evaluate the 
performance of molybdenum dies during hot 
extrusion of steel. Before discussing the per- 
formance of the molybdenum dies, a_ brief 
description of the extrusion plant follows. 

J&L has a 1000-ton horizontal press, manu- 
factured by Loewy-Hydropress, which is 
equipped with containers for accommodating 
4 and 5-in. diameter billets. The extrusion dies 
used with these containers have face diameters 
of 2, 3 and 4 in. and are about | in. thick. The 
press has been used almost exclusively for fer- 
rous extrusion. A 60-cycle induction furnace 
is used for billet heating. Glass is used as a 
lubricant* and most extrusion is done at 2300° 
F. Almost all extruded bars are subsequently 
cold drawn. 

A total of nine molybdenum dies were fabri- 
cated into the various profiles shown in Fig. 2 


*Use of glass as a lubricant is protected by the 
Ugine-Sejournet patents. 


Fig 3 — Die 8 and 9 (See Table I) After 
210 and 308 Extrusions, Respectively. 
An insignificant amount of wear occurred 
on the protruding tips of each profile 
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Three types of steel billet stock — carbon, low- 
alloy and stainless — were extruded at 2300° F. 
The extrusion ratio of the various sections 
ranged from 10:1 to 48:1 and extruded lengths 
up to 22.2 ft. were produced. 

Operating data and production performance 
for each of the molybdenum dies is given in 
Table I. As indicated, four of the dies broke 
in service. In each instance, however, some 
external factor was responsible for their failure. 
Initially the first two dies were only preheated 
to 250° F. which was found to be insufficient. 
Cracks, developed in regions of high stress con- 
centration, led to complete failure of the die. 
Preheat temperature was raised to 700° F. and 
cracking was not observed in the dies. In an- 
other instance of die failure, a profile backer 
was not used and the die fractured. The fourth 
instance of die failure occurred when a die was 
being hammered in an attempt to remove it 
from the die holder. The other five dies pro- 
duced from 95 to 425 extrusions and were still 
in a serviceable condition after the respective 
extrusion orders were completed. 

The tendency for the die profile to close 
slightly during service has been discussed pre- 
viously. This condition precluded the evalua- 
tion of these dies on the basis of die wear. All 
of the extrusions produced with these dies with 
the exception of profile F (see Fig. 2 and Table 
I) were subsequently cold drawn. The amount 
of variation in extrusion dimensions which can 
be tolerated for cold drawing depends upon 
the bar material, section profile and the specific 
cold drawn dimension and its tolerance. There- 
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Fig. 4 — Hot-Cold Worked Microstructure 
of a Molybdenum Die. Etched electrolyti- 
cally in a solution of methyl alcohol, sul- 
phuric acid and hydrochloric acid; 100 x 


fore, the amount of variation in the extrusion 
dimensions may be only 0.005 in. for one and 
as much as 0.050 in. for another. However, 
under any circumstance, closer tolerances were 
maintained for a given profile with molybde- 
num than with any conventional die material. 
Figure 3 shows dies 8 and 9 (Table I) after 
they had produced 210 and 308 extrusions, re- 
spectively. An insignificant amount of die wear 
was observed on the protruding tips of each 
profile. Because the extrusion ratio of these 
two sections was relatively low (16:1 and 10:1), 
there was little die deformation or closure. 


Are Hardness and Microstructure Important? 


The hardness and microstructure of dies 5 
(forged blank) and 7 (rolled blank) were studied 
to ascertain further the physical characteristics 
of molybdenum which give it superior die life 
during hot extrusion. The dies were sectioned 
along two radii and a hardness traverse was 
taken on one of the sectioned surfaces at vari- 
ous depths from the bearing radius. The Knoop 
hardness values, taken with a Tukon Hardness 
Tester, were converted to Rockwell B. It was 
found that the hardness of the extrusion surface 
of both dies was about Rockwell B-101 to 103. 
The hardness of the dies decreased to about 
Rockwell B-95 to 99 at 0.050 in. from the ex- 
trusion surface. This small increase in surface 
hardness results from slight hot-cold working of 
the die surface during extrusion. 


120 


An examination of the microstructure of dies 
5 and 7 revealed them to be typical of hot-cold 
worked material. The die stock was originally 
forged or rolled somewhat below the recrystal- 
lization temperature which is about 2300° F. for 
slightly worked material, decreasing to 1700° F. 
as the material becomes heavily worked. The 
conditions imposed during steel extrusion have 
not changed the original hot-cold worked struc- 
ture. Figure 4, a photomicrograph of die 5, 
shows typical hot-cold worked microstructure. 

The hardness and metallographic study did 
not indicate that the resistance to wear of the 
molybdenum dies can be attributed to a sig- 
nificant work hardening of the die surface or 
change in the microstructure. The principal 
characteristic which seems to be contributing 
to superior die life is the high flow strength of 
the material at the extrusion temperature. 


Future Development Suggested 


It is well known that the addition of alloying 
elements to a metal increases its recrystalliza- 
tion temperature and generally improves its 
high-temperature mechanical properties. The 
basic criteria for a good metallic die material 
seems to be that it must possess a high recrystal- 
lization temperature. Further alloy additions 
may improve the hot extrusion die qualities of 
the 99.5% Mo + 0.5% Ti composition. Unfortu- 
nately, alloying elements will increase the hot 
working difficulties of molybdenum with re- 
spect to the capacity of present equipment for 
forging and rolling molybdenum bar stock. 
Consideration also should be given to improv- 
ing the strength of molybdenum alloys at in- 
termediate temperatures so that somewhat 
better bulk stability of the die can be obtained. 

Several other metals which possess a high 
recrystallization temperature are worthy of 
mention. These include columbium, tantalum 
and tungsten. Although tantalum and tungsten 
have higher recrystallization temperatures than 
molybdenum, they have distinct disadvantages. 
The cost of tantalum and fabrication difficulties 
of tungsten prohibit their consideration for hot 
extrusion die application at the present time. 
Recrystallization characteristics of columbium 
are similar to molybdenum. Thus, columbium 
offers essentially the same potential for hot ex- 
trusion die application. Columbium may even- 
tually become less expensive than molybdenum, 
and columbium alloys should be capable of 
achieving high-temperature properties compa- 
rable to molybdenum. 
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Special Report 


Modern Tool Materials and Metal Fabrication 


Precision Cold Extrusion of Metals 


By R. A. QUADT* 


The process, which offers rapid production of parts with 
close dimensional control, has been used successfully to fabricate steel, 
aluminum, titanium and some of the uncommon metals. 


(G5; Al, Zr, ST, Ti, Cb, Ta, V, Be) 


Warne pors PRECISION EXTRUSION fit into 
the metal fabrication picture today? Briefly, 
here are some of the notable advantages: 

® It often is the most economical method of 
fabrication. Billet recovery is high; scrap re- 
cycling costs are reduced. Expensive machin- 
ing operations are avoided. 

* It is carried out below temperatures at 
which metal-gas reactions occur. Thus, contam- 
ination of the metal is eliminated or decreased. 

* Cold worked structures are produced; no 
recrystallization occurs. 

* Precise dimensional control is possible. 

True, precision cold extrusion has limitations, 
and it does not have universal application. But 
it holds a definite place of importance in the 
field of metalworking. 


What It Is 


When we speak of cold extrusion we do not, 
of course, refer to the relative temperature of 
the operation. Rather, we are specifying that 
the temperature at which the deformation of 
the metal billet takes place is substantially 
lower than the recrystallization temperature. 
With aluminum alloys, the extrusion tempera- 
ture is usually ambient or only sufficiently above 
room temperature to insure proper lubrication 
control. For all the other metals to be dis- 
cussed, billet extrusion temperature ranges be- 
tween 450 and 1000°F. depending upon the 
metal or alloy, the requirements of the lubri- 
cant, and the final configuration or tolerances 
desired. The final extrusions, therefore, exhibit 
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the work hardening characteristics of increased 
hardness and strength, reduced ductility, and 
a severely distorted crystallographic structure, 
depending upon the extrusion ratio. 

In addition to being below the recrystalliza- 
tion temperature, the extrusion temperature for 
the several reactive metals investigated is low 
enough that no protective cladding or coating 
is required to prevent metal-gas reactions dur- 
ing the entire operation. Surface reactions with 
hydrogen, carbon, nitrogen and oxygen are 
avoided or greatly minimized. 

Other advantages resulting from the precision 
cold extrusion process relate to the close di- 
mensional tolerances possible and the higher 
metal recoveries inherent as compared to hot 
extrusion. In cold extruded tubular shapes di- 
mensional tolerances in the range of +0.001 in. 
are quite feasible while inner diameter and 
outer diameter tolerances of +0.005 to +0.010 
in. are typical. Concentricity is excellent and 
the minimum wall gage can be specified. This 
results in weight reductions and lower costs, 
particularly in tubular shapes of tantalum, co- 
lumbium, zirconium and other expensive 
metals. 

One of the primary factors influencing the 
success or failure in precision cold extrusion 
technology is lubrication. All commercially 
available lubricants have been tried with vary- 
ing degrees of success. It has been found 
necessary to develop an entirely separate lubri- 


*Vice-President, Research and Development, 
Bridgeport Brass Co., Bridgeport, Conn. 
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Fig. 1 — 3500-Ton Press Specially Designed 
for Cold Extrusion. Press is constructed 
with maximum precision and rigidity 


cation technology concurrently with specific 

cold extrusion programs. Different metals re- 

quire specific lubricants developed or adapted 

to their unique chemical or metallurgical char- 
acteristics. Final lubricant techniques are fur- 
ther influenced by the requirements of the 
extrusion design. The entire subject is suffi- 
ciently complex to be beyond the scope of this 
paper and is further complicated by proprietary 
restrictions plus the recognition that the entire 
lubrication aspect has not yet been reduced to 
an exact science. 

Work reported here has been performed on 
horizontal hydraulic presses (Fig. 1) ranging 
from 200 to 3500 tons, specifically constructed 
for precision cold extrusion of difficult-to-work 
metals. The maximum ram deviation from the 


Table I — Guaranteed Minimum Properties in 
Aluminum Cold Extrusions 


STRENGTH E 
“LONGATION 
ALLOY TENSILE | YIELD 
6011-T6 | 50,000 psi. | 42,000 psi. 7% 
2014-T6 65,000 55,000 7 
7075-T 6 75,000 65,000 7 
ZG 73-T 6* | 80,000 72,000 7 
ZG 93-T 6* | 88,000 - 80,000 5 


* Tentative specifications. 


punch axis is 0.002 in. on power strokes up to 
108 in. Ram speeds available are quite nomi- 
nal; they are controlled for any advance rate 
up to 180 in. per min. 

There is practically no impact, and most cold 
extrusions are produced by a reasonably slow 
squeeze not unlike a typical hot extrusion op- 
eration. On the largest press, heat treatable 
aluminum alloys of high strength have been 
cold extruded in some tubular shapes up to 45 
ft. long and in other closed-end tubes up to 20 
in. in diameter. 


No Trouble With Aluminum 


Development work was originally concen- 
trated on cold extrusion of the heat treatable 
aluminum alloys containing copper, magnesium 
and silicon. When extruded and heat treated, 
these alloys had typical yield strengths of 60,000 
psi. Some time later the emphasis was placed 
upon the more complex aluminum alloys con- 
taining zinc, magnesium and copper. Typical 
yield strengths of these alloys ranged from 
70,000 to 85,000 psi. 

These complex alloys appeared to offer less 


Fig. 2 — Missile Motor 
Tubes Cold Extruded From 
a High-Strength Aluminum 
Alloy. Precision of the proc- 
ess is demonstrated by wall 
thickness variation which is 
held within +0.00075 in. 
in the as-extruded condition 
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cold extrusion difficulty Table II — Properties of Extruded Unalloyed Titanium 
than those which were 


softer and not heat | ANNEALED* 
treated. Table I lists | 
some of the high- 99.0% Pure | 99.2% Pure | 99.0% Pure | 99.2% Pure 
strength aluminum al- J nsile strength | 130,000 psi. | 113,500 psi. | 105,600 psi. | 91,500 psi. 
loys and the minimum Yield strength 115,000 psi. | 95,000 psi. 79,000 psi. | 69,900 psi. 
m properties guaranteed Elongation 13% | 12% 17% | 18% 
f for engineering design Rockwell hardness _ A-68 A-64 A-61 A-57 


purposes. Figure 2 


*Annealed | hr. at 1450° F. and air quenched after cold extrusion. Specified 
shows one of the larger minimum properties for annealed 99.0% pure titanium are 80,000 psi. tensile, 
and more complicated 70,000 psi. yield, 15% elongation. For annealed 99.2% pure titanium, speci- 
precision shapes made fied minimums are 65,000 psi. tensile, 55,000 psi. yield, 20% elongation. 
from these strong alloys. 
Of interest is the fine, 
: relatively equiaxed recrystallized grain struc- those in the longitudinal direction. It has be- 


ture typical of cold extrusions. Since many come possible to guarantee the same properties 
ag tubes are predominantly pressure vessels, the in the transverse direction as in the longitudi- 
- circumferential properties are as important as nal, even in the sensitive alloys of the alumi- 


num-rich zinc-magnesium-copper series. 

The surface finish of these cold extrusions is 
excellent and generally falls within 30 to 100 
micro-in., with 70 being typical. Because 
precise tolerances are maintained in the as- 
extruded condition, the only machining opera- 
tions required are drilling, threading, slotting, 
trimming to length, and other minor metal re- 
moving operations. It is never necessary to 
remove metal by boring or turning because out- 
side and inside diameters are produced to tol- 
erances within normal machining standards and 
eccentricity is negligible. 

Three grades of zirconium-base alloys have 
been precision cold extruded in large quanti- 
ties. These include pure reactor-grade com- 
mercial zirconium containing hafnium, and 
Zircaloy (reactor-grade zirconium with con- 
trolled amounts of tin). Most of the precision 
shapes have been produced for moderator struc- 
tures in nuclear reactors, nuclear fuel element 
cladding, and pressure vessels in nuclear reac- 
tors. A range of sizes (Fig. 3) has been pro- 
duced including many unusual shapes, both 
hollow and solid. An important advantage of 
cold extruding zirconium is that up to 859% of 
the billet weight is recovered in the final shape. 
Costs are lower too because cladding to pre- 
vent surface contamination during working is 
not necessary. Typical extrusion reductions are 


Fig. 3 —Zircaloy-2 Tubes Typical of the Shapes 
Which Can Be Cold Extruded on a Production 
Basis. Each tube shown has 3%-in. O.D., 0.160-in. 
thick walls with a heavy flange at the tube base 
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in the range of 80%. The change in properties 
of reactor-grade zirconium resulting from the 
added cold work are as follows: 


ANNEALED REDUCED 80% 
Tensile strength 35,900 psi. 73,000 psi. 
Yield strength 15,900 61,000 
Elongation 31% 16% 
Brinell hardness 101 150 
(500 kg.) 


Large Steel Parts Extruded 


Although cold extrusion of steel has been re- 
ported during the past few years (see Metal 
Progress, October 1959, p. 122), most of it has 
been limited to relatively small parts. How- 


ever, our experience has shown that even large 
pieces can be cold extruded. One example is 
in production of tubular booster sections for 
rocket motors which are cold extruded from 
These tubes are about 5 in. in di- 


4130 steel. 


ameter, 44 in. in length, and are extruded with 
external ribs and have a wall thickness of about 
0.160 in. 

In Fig. 4 the processing steps in developing 
a tube blank for subsequent reduction into a 
thin-walled tube are shown. The material is 
a special stainless steel for nuclear applications. 


Titanium Blanks 


Unalloyed titanium of several purity levels 
has been successfully cold extruded to tube 
blanks. No unusual problems were encoun- 
tered and very satisfactory tube stock was pro- 
duced. The properties of extruded tubes are 
given in Table II. These extrusions were used 
as blanks for further reduction to thin-walled 
tubes of small diameter for condenser and heat 
exchanger applications. When reduced to final 
size, tubes are typically 4% in. O.D., 0.025 in. 
wall thickness, and 20 ft. long. The advantages 
of using the cold extrusion process were, again, 
improved recovery of expensive metal, excel- 
lent surface and metallurgical structure, and 
superior concentricity. 

Development work on commercial titanium 
alloys has been unsuccessful because the tool 
loads during cold extrusion have been excessive 
and have resulted in tool breakage. Additional 
work is planned for the hard alloys. 


Success With Uncommon Metals 


Molybdenum tube blanks from both arc cast 
and sintered slugs have been cold extruded at 
about 800° F. Newer alloys of molybdenum 
have yet to be successfully cold extruded. Here 
again. tool loads have proved excessive. 
Nominal quantities of unalloyed tubes have 
been produced with cold extrusion reductions 
up to 75%. In the annealed condition, un- 
alloyed molybdenum tubes have a tensile 
strength of 75,000 psi., yield strength of 50,000 
psi., elongation of 40% and Brinell hardness 
(3000-kg. load) of 155. Cold extrusion with 
75% reduction gives 130,000 psi. tensile, 120,000 
psi. yield, 5% elongation and Brinell hardness 
of 257. At present, tubes with walls of % in. 
or thicker, diameters (Continued on p. 164) 


Fig. 4—Three Stages in Cold Extrusion of a Fer- 
ritic Stainless Steel. Left — solid billet (2% in. di- 
ameter by 3% in.); center — cupped billet, back ex- 
truded at 38% reduction; right — finished tube, for- 
ward extruded at 75% reduction. Cupped billet (cen- 
ter) was bored before final cold extrusion of the tube 
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Special Report 


Modern Tool Materials and Metal Fabrication 


Precision Forging up to Date 


STAFF REPORT* 


Today, many different parts are forged to such close tolerances 

that little or no subsequent machining is required. For such items 
aluminum and magnesium are often used, but other metals 

offer more problems. This article discusses some of the difficulties 
that forgers have met and solved in research and in regular production 
to produce close-tolerance parts. (F22, W24n; Al, Mg) 


Waar vo vou Tuxx oF when you hear 
the words “precision forging”? Actually, there 
is no standard definition. Size, for example, is 
no criterion. Precision forgings—they may 


also be called close-tolerance forgings — can 
be as large as bulky airframe members or as 


small as a turbine blade. Most forgers seem to 
feel that the determining factor is: How much 
machining is required after finish forging? If 
little or no machining is needed, the part can be 
considered a precision forging. 

This type of forging usually combines close 
tolerances with small fillets and thin webs with 
no draft. With such design features incorpo- 
rated, it is obvious that making a precision forg- 
ing is much more difficult than describing one. 
To form virtually every outside dimension so 
accurately that no further machining is re- 
quired —and at the same time, to keep the 
surface uncontaminated while it is at forging 
heat and being shaped —is quite difficult. 

Cost enters the picture, too. For the process 
to be economical, parts which duplicate each 


*The editors are grateful for the extensive help 
received from the following companies during the 
reparation of this article. Without it, little could 
been accomplished: 
Aluminum Co. of America, Cleveland Forge 
Plant. 
Armour Research Foundation, Chicago. 
Ladish Co., Cudahy, Wis. 
Steel Improvement & Forge Co., Cleveland. 
Wyman-Gordon Co., Eastern Div., Worcester, 
Mass., and Prex Plant, Franklin Park, Il. 
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other exactly must be made time after time with 
little or no adjustment to the equipment. Mass- 
production techniques are essential. 

When all of the difficulties are considered, 
it is apparent that there is good reason for the 
comparative lack of progress in the precision 
forging field. Yet, slow advances continue. 
This article is intended to outline both the 
problems and possibilities — and there are many 
of each — of precision forging. 


Two Main Divisions 


For convenience, precision forgings will be 
discussed under two general classifications, the 
division being determined by the relative ease 
of forging. The first group includes the light 
metals, aluminum and magnesium. Being 
forgeable at moderate temperatures, they are 
not difficult to maintain at heat while they are 
being shaped. Protecting the surface —a very 
important step in precision forging — is also 
fairly simple for these two metals. 

As a consequence, the process is now being 
used quite widely for the light metals, par- 
ticularly the high-strength aluminum alloys 
such as 2014 and 7075. Tons of forged parts 
(chiefly for aircraft) have been turned out by 
the forging presses at Wyman-Gordon and 
Alcoa, two companies which are very active in 
precision and close-tolerance forging. Though 
original equipment costs much more (especially 
for the large and precise forging presses that 
are sometimes necessary), the saving in sub- 
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sequent machining is such that the process is 
definitely economical. Machining large air- 
frame members from the conventional and 
blocker-type forgings formerly used was an 
expensive, time-consuming process which re- 
quired elaborate and massive tracing lathes. 


Forging Aluminum and Magnesium 


Precision forging — or more accurately, close- 
tolerance forging —of aluminum and magne- 
sium has progressed much farther than it has 
for steel and refractory metals for one basic 
reason. These light metals can be forged at 
much lower temperatures. Forging at 500 to 
900° F. is commonplace, and such temperatures 
are fairly simple to maintain during processing. 
Usually, the dies are warmed and held at the 
approximate forging temperature in some man- 
ner (furnaces are commonly used) to facilitate 
metal flow into every section of the die. 

Because of the continuing demand for lighter 
aircraft which can carry greater payloads, a 
lot of money has been invested by the govern- 
ment in king-size forging presses to make close- 
tolerance forgings. Inspired by German de- 
velopments revealed after World War II, 
enormous 35,000 and 50,000-ton forging presses 
were erected at Wyman-Gordon’s North Graf- 
ton ( Mass.) plant and the Alcoa Forge Plant in 
Cleveland. These huge presses made it pos- 
sible to forge large airframe sections with 
greatly improved tolerances. Figure 1 illus- 
trates the potential for savings in material and 
machining costs. 

The main problem, according to forgers, 
comes in the cost of tooling. Dies for precision 
forgings are considerably more expensive than 
the simpler dies formerly used. Also, setup 
time for a run of precision forgings is longer; 
this adds to the cost. Asa consequence, a fair 
number of parts must be made if true savings 
are to be realized from precision forging tech- 


niques. The break-even point, since it gen 
erally depends on the complexity of the design, 
will vary quite widely from part to part. For 
example, if the item has a fairly simple design, 
a large number of them must be made per 
set of dies built. Otherwise, the cost per forg- 
ing (close-tolerance) will be greater than for 
the same part machined from a blocker-type 
forging which has wider tolerances. On the 
other hand, the break-even point is much lower 
for complicated airframe sections. So much 
work and time is consumed in machining this 
type of part from a blocker-type forging that 
costs rise astronomically even though the forg- 
ing itself is relatively inexpensive. 

Incidentally, if speed is essential, precision 
forging techniques can be useful for short runs 
as well as for long runs. The time advantage 
enters the picture because precision forgings 
need much less machining. Though more time 
is needed to machine the dies to precise dimen- 
sions, the parts forged in these dies will in 
turn need little machining. Thus total time- 
to-delivery will be reduced. 


Cost Is Important 


A good indication of the cost problem might 
be gained by considering some of the pre- 
cautions taken by one producer. First, the 
bar stock is carefully inspected and prepared 
because any surface imperfections will appear 
in the forging. The presses which forge this 
stock are built with precision features includ- 
ing, among other items, an automatic timer. 
(The “dwell” time—the time during which 
pressure is maintained —is quite critical, and 
cannot be allowed to vary.) Every forging is 
weighed to within an ounce before the final 


Fig. 1 — These Sections Illustrate the Difference 
Between Conventional and Close-Tolerance Forg- 
ings. For this close-tolerance forging, savings are 
about 25% in material and 20% in machining cost 


METAL PROGRESS 


| 
| 
fy 
j= 
2 
iy 


Fig. 2 — Cadillac Wheel Disks Being Forged to Close Tolerances on 
an 8000-Ton Press. Wheels for truck trailers are also being forged 


pressing because there is no leeway for over- 
weight (no allowance for flash) or underweight 
(thin webs do not fill in). All completed forg- 
ings are 100% inspected before shipment. 

It is apparent that precision forgings are 
not easy to make. However, that is not the 
chief worry of forgers today. As far as they 
are concerned, the major drawback is the lack 
of demand for airframe sections. Because of 
the increased interest in missiles, work on 
newer aircraft has slackened, and this slacken- 
ing is reflected in the forging field. In general, 
missiles do not use forged frames such as those 
used in aircraft. 

However, forgers would prefer to find a 
market much more dependable than either 
aircraft or missiles. Alcoa is moving in that 
direction with the forging of wheel disks for 
automobiles (see Fig. 2) and truck trailers. 
Trowel handles, connecting rods, and equalizer 
beams (for trucks) have also been precision 
forged. It would seem that there is a future 
for this type of forging in the automotive field. 
Other areas where such forgings may also be 
useful are hydraulic equipment (bodies for 
heavy valves are an example), large electronic 
equipment such as that in the radar and tele- 
vision industries, and atomic energy equipment. 
In general, precision forgings of aluminum can 
be used wherever light weight, strength, and 
close tolerances are all essential. 


The Other Metals 


Most of the other metals are another matter 
entirely because they are forged at higher tem- 
peratures. Metals such as titanium, beryllium, 
molybdenum, tungsten, columbium, tantalum, 
and the superalloys are difficult to forge as it is. 
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The prospect of forging them to close tolerances 
as well is definitely not inviting to the average 
forger. Yet, the process is attracting attention 
because of the savings that can develop. The 
refractory metals and superalloys are quite 
expensive — some cost as much as $70.00 per 
lb., in fact. Any reduction in material loss 
(which occurs with subsequent machining of 
conventional forgings) is at once realized. 
Also, these metals are difficult to machine; cost 
reductions can also develop from both the 
reduction of machining time and the wear and 
tear on machinery. 

So far, however, the numerous drawbacks 
that occur in forging the refractory metals have 
inhibited progress to a great degree. The high 
temperatures needed for forging bring a host of 
problems which must be solved before the 
process can become a routine matter. For 
example, surface protection becomes vital. 
Without proper protection, steels decarburize, 
tungsten and molybdenum oxidize rapidly, and 
titanium picks up appreciable hydrogen at the 
high temperatures which are needed. Hold- 
ing precision tolerances under such conditions 
is very difficult. 

Also hard to find are die materials which will 
withstand the wear that dies incur when used 
for forging at high temperatures. The property 
which makes a refractory metal useful at ele- 
vated temperatures — resistance to deformation 
—is the same property which makes the metal 
difficult to forge. Die materials must stand up 
to both the stiffness of the metal being forged 
and the high temperature. The material that 
can do this — whether it be a superalloy or a 
suitable die steel—is itself hard to shape to 

precise dimensions. Lengthy and costly ma- 
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Fig. 3—Split Inserts 
Which Are Used in Form- 
ing This Experimental 
Part to Precision Toler- 
ances and Without Draft. 
Inset shows part which 
is made of A.1.S.1. 4340 


chining may be needed merely to cut the die 
to the proper shape. 

These and other problems have limited the 
development of precision forging in the refrac- 
tory metal field. As of now, the only types of 
parts being precision forged to any extent are 
turbine blades for jet aircraft. Forging of other 
types of parts is still in an experimental stage. 

However, progress is being made, though at 
a much slower pace than with aluminum and 
magnesium. Only a short time ago, the pre- 
cision forging of the refractory metals was not 
even considered. Tomorrow, it may be a 
standard procedure. 


Research in Progress 


This report would not be complete without 
some discussion of the research program on 
close-tolerance steel forging, which was spon- 
sored by the Air Materiel Command. Through 
Boeing Airplane Co., who handled the prime 
contract, three forging companies (Ladish Co., 
Steel Improvement and Forge Co., and Wyman- 
Gordon Co.) were assigned various projects. 
Each company was to forge (of A.I.S.I. 4340) 
a different production item, redesigned as a 
precision part. The approach to be investigated 
by Ladish was “multiple dies and multiple part- 
ing lines”; by Steel Improvement, “high-speed 
mechanical presses or impacters”; and by 
Wyman-Gordon, “dies heated to the approxi- 
mate temperature of the forging stock”. In the 
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time allotted, Sept. 1, 1958 to Feb. 1, 1959, each 
company was asked to produce a number of 
production parts for testing by Boeing. This 
testing was to determine how well these parts 
met the required specifications in dimensional 
tolerances, decarburization, and strength. The 
three subcontractors had varying success. 


Multiple Parting Lines And Dies 


As mentioned above, Ladish Co. was asked to 
investigate “multiple dies and multiple parting 
lines”. Drop hammers were to be used for 
the forging. They started by selecting the de- 
sign approach shown in Fig. 3, which illustrates 
the coining die setup. The part was forged 
with the web in a horizontal position so that 
the forging could be positioned exactly. After 
finish forging, hot coining (padding) dies pro- 
duced the precise dimensions that were needed. 
(Tools such as those illustrated also make no- 
draft forgings feasible.) Locks in the blocking 
and finish forging dies helped to maintain pre- 
cise alignment. Flash was eliminated before 
the hot coining operation, and close tempera- 
ture control was needed at all stages. 

As for the die materials, Ladish D 6 A* was 

*This patented material is a hot work die steel 
with relatively low alloy. It contains 0.46% C, 
1.0% Cr, 1.0% Mo and 0.50% Ni, and can be heat 
treated to 250,000 psi. yield strength, 280,000 psi. 
tensile strength, 10% elongation, 30% reduction in 


area, and 16 ft-lb. Charpy V-notch. These values 
are averages from data on eight heats. 
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used for blockers and finish forging dies, FX 
(A. Finkl & Sons Co.) for insert holders in hot 
coining dies, and $.A.E. H-11 toolsteels for in- 
serts in all finish hot coining operations. 

Die temperatures were maintained from 350 
to 600° F. throughout the forging, except for 
hot coining inserts which were run to higher 
temperatures. Decarburization was minimized 
by using a furnace atmosphere of nitrogen and 
pine oil, and the forgings were also coated with 
“Aqua-Dag”, a suspension of colloidal graphite 
in water. These procedures were quite effec- 
tive in minimizing decarburization, according 
to Boeing, who subsequently tested the 51 pro- 
duction-type forgings made by Ladish. 

At the ultra-high strength levels (260,000 to 
280,000 psi.) to which 4340 is treated, the minor 
decarburization level of 0.002 to 0.0025 in. did 
not act to limit the fatigue strength. In fact, 
an improvement in fatigue strength was re- 
ported. The forgings also had adequate dimen- 
sional precision. On the whole, the Ladish 
phase of the research was considered a success. 


High-Speed Techniques 


Meanwhile, Steel Improvement and Forge 
Co. was investigating high-speed forging tech- 
niques with an impacter*. Since it was thought 
that metal would flow through thin sections at 
high speeds if heated dies were used, the 
researchers experimented with dies made from 
a material which could withstand a high tem- 
perature — René 41. In the preliminary tests, 
the die blocks (solution treated and aged) were 
ground flat and used to evaluate lubricants 
since lubrication at high temperatures was also 
considered a problem. Three lubricants, all of 
which contained colloidal graphite, were tested. 

According to the forger, these tests showed 
that forging at about 600° F. die temperature 
with colloidal graphite for lubrication was the 
most practical method for precision work. 
Above this temperature, lubrication becomes 
difficult and dies are more likely to deform to 
the point where the needed precision cannot be 
maintained. 

As a consequence, Steel Improvement gave 
up the attempt to forge at high temperatures, 
and settled on S.A.E. A-2, a high-carbon die 
steel, for the die insert material. Compared to 

*See “New Techniques Broaden Forging Picture”, 
by J. H. Jackson and H. B. Goodwin, Metal Prog- 
ress, August 1959, p. 97, for description of im- 
pacter. This is a patented tool designed and 


manufactured by the Chambersburg Equipment 
Co., Chambersburg, Pa. 
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conventional hot work steels, A-2 has greater 
compressive strength and wear resistance, qual- 
ities which are desired in dies for precision 
forging. 

Early tests indicated that decarburization of 
the 4340 would exceed the maximum of 0.010 
in. required by the program. Since nickel coat- 
ings were known to prevent decarburization, 
they were the subject of some experimental 
work. The forger found that such coatings 
were successful for short times, but offered 
little protection when longer times at the forg- 
ing temperature were involved. Thicker coat- 
ings of nickel did not improve surface protec- 
tion to a significant degree. When argon (un- 
der a constant flow) was used as a protective 
atmosphere on the furnace, decarburization 
was limited somewhat. However, it seemed 
that another approach was necessary. 

Therefore, this forger decided to try remov- 
ing decarburization after it was formed rather 
than trying to prevent its formation. Since 
chemical milling processes looked quite prom- 
ising, they were investigated. A literature 
search indicated that nitric acid would be a 
suitable agent. It did not“. . . cause (hydrogen) 
brittleness, as nitric acid is an oxidizing acid”, 
according to R. R. Tatnall in Metals & Alloys, 
Vol. 19, 1944, p. 172. Tests with the acid 
proved that chemical milling was practical. 
About 0.02 in. was removed from the surface 
every hour, and metal removal was fairly con- 
stant in depth over the surface. In actual 
tests, an average of 0.0082 in. was removed in 
25 min. (range: 0.0071 to 0.0091 in.). Since 
these tests were successful, the forger planned 
to chemically mill the production forgings to 
remove decarburization. However, program 
time ran out before the production run of test 
forgings for Boeing could be made, but few 
problems remained at that time. 


Heating Dies 


The third concept, heating dies to the ap- 
proximate forging temperature, was not as 
successful as were the other two methods. The 
attempt (by Wyman-Gordon researchers) to 
evaluate heated dies ran into trouble almost 
from the outset. To begin with, René 41 was 
selected for the dies because of its excellent 
strength at elevated temperatures. However, 


the superalloy also turned out to be extremely 
hard to machine to precision tolerances. This 
was especially true for sections with deep and 
narrow slots. 


For example, the cutting tool 
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used to complete the finish machining would 
bend away from the metal rather than cutting 
into it. This would work harden the surface 
making it even more difficult to machine. Many 
tools were broken during this effort. 

Heating the dies to the required temperature, 
1600° F., also was a problem. Induction meth- 
ods appeared promising, but were abandoned 
when the high frequencies which were needed 
could not be obtained at the forging press. 
Globars were eventually used, but were too 
brittle to withstand stresses which developed 
during forging. 

Finally, five tryout forgings were produced 


by the setup; however, none of them was satis- 
factory as far as required specifications were 
concerned. Much more research is needed if 
this approach — heating dies to approximate 
temperature of forging — is to be a success. 


Cast Dies Hold Promise 


As a sidelight, the solution to this particular 
problem might be found in cast die materials. 
In some recent research conducted at Armour 
Research Foundation, Inco 713C turned out 
to be a highly satisfactory die material since 
it could be heated to 1600° F. for forging. The 
dies themselves were cast in molds made from 


Simultaneous Hot Forming 


Special Report 


Modern Tool Materials and Metal Fabrication 


Many parts on modern supersonic air- 
craft such as the Hustler (B-58) are made of 
alpha-beta titanium alloy, a material which is 
being used more and more because of its high 
strength-to-weight ratio at elevated tempera- 
ture. However, titanium alloys are very expen- 
sive. Added to the high cost of raw material 
is the cost of forming and heat treating to pro- 
duce accurately dimensioned parts. As a result, 
all titanium parts used on the B-58 have been 


1000°F. 


Tensile Streng 


carefully studied from a cost standpoint. 

As a typical example, a number of nacelle 
parts were designed to be produced from the 
RS-140* titanium alloy. We decided to shape 
most of the parts from solution treated sheet 
at 1000° F.; the solution treated sheet would 
possess improved formability and negligible 
spring back at that temperature. Aging for 

*Nominal composition: 5% Al, 2.75% Cr, 1.25% 
Fe, bal. Ti. 


th 


0.2% Yield Strength 


Strength, 1000 Psi. 


30 40 50 60 
Aging Time, Min. 


Fig. 1—Age Hardening 
Curves for RS-140 Sheet. 
Note that the highest 
tensile wary is reached 
and passed before 30 min. 
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granulated graphite. This technique gave 
them a very smooth finish and optimum metal- 
lurgical properties. Slots for calrod heating 
units (needed to maintain the high die tempera- 
tures) were also cast into the die bases. Ac- 
cording to Paul Gouwens and Andrew Murphy, 
both of whom were active in the project, the 
technique was experimental, and precision in 
forging dimensions was not the primary aim. 
In spite of this, it seems like a promising tech- 
nique for making precision forging dies. 
However, the close-tolerance program must 
be classed as an informative and successful 
project, on the whole. Because of it, much 


more is known about the possibilities of pre- 
cision forging. Several promising avenues have 
been opened for investigation, and dead-ends, 
not previously apparent, have been exposed. 

To sum up, like most innovations, precision 
forging has its advantages and disadvantages. 
Admittedly a costly technique, particularly 
when processing the harder-to-forge metals, its 
potential is such that many engineers in the 
forging field have high hopes. Savings can be 
realized in both material usage and machining. 
These savings are being made today in areas 
where competitive procedures also result in 
high costs. Tomorrow, who can say? S$ 


and Age Hardening 
of Titanium Parts 


By R. E. JOHNSON 
and R,. J. McCLINTICK* 


6 hr. at 900° F. was then required to produce 
the highest strength level. Since formed parts 
had to be constrained in fixtures which were 
expensive to fabricate and maintain, and ex- 
tremely long heat-up times were needed, the 
aging process was quite expensive. 
Formability tests showed that parts had to 
be formed at 1000° F. for up to 30 min. for 
zero spring back and sharp bends. Therefore, 


*Materials and Processes, and Process Control, 
respectively, Convair-Fort Worth Div. of General 
Dynamics Corp. 


Parts made from titanium alloys 

of the alpha-beta type 

can be formed and age hardened 
at the same time by shaping 

at a high temperature and holding 
at that temperature for 

a short period. This technique 
eliminates the need for long aging 
cycles and expensive holding jigs. 
(J27d, Q23q; Ti-b) 


we decided to determine the effect of heating 
this alloy above the recommended aging tem- 
perature of 900° F. We found that the tensile 
strength dropped 11,000 psi. and yield strength 
dropped 2000 psi. when the material was heated 
to 1000°F. for 30 min. for forming. When 
statistical errors of 2000 psi. (tensile strength ) 
and 2800 psi. (yield strength) are added to the 
average losses, and the total subtracted from 
the guaranteed minimum strengths for the aged 
condition, the design strengths for the finished 
hot formed and aged part become 167,000 psi. 


Table I — Thermal Stability of Alloys Exposed to 800° F. for 100 Hr. 


AGING CYCLE 


Berore Exposure 


AFTER EXPOSURE 


ALLOY 
TENSILE 


YiELD 


TENSILE YIELD 


RS-140 (a) 
RS-140 (a) 
RS-140 (a) 
4-3-1 (6) 
4-3-1 (6) 
RS-140 (c) 


1000° F., 5 min. 
1000° F., 15 min. 
1000° F., 30 min. | 183,900 
1125° F., 5 min. | 184,800 
1125° F., 15 min. | 184,600 
975° F., 30 min. | 188,500 


187,700 psi. 
186,100 


162,100 psi. 
163,200 
162,600 
171,700 
171,000 

164,100 


190,700 psi. 
190,200 
185,800 
187,200 
180,400 
184,400 


165,100 psi. 
165,300 
163,800 
175,100 
165,900 
166,800 


(a) Republic Steel Corp.; (6) Titanium Metals Corp. of America; (c) Convair, Ft. Worth, Tex. 
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1125°F. 1000°F. 
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Strength, 1000 Psi. 


30 40 50 
Aging Time, Min. 


60 


for tensile strength and 145,000 psi. (0.2% off- 
set) for yield strength. 

Later, extremely short times (5 to 30 min.) 
were investigated. As Fig. 1 indicates, near peak 
aging occurred at 1000° F. in 10 min., and the 
peak had definitely been reached after 30 min. 
aging. Therefore, simultaneous hot forming 
and aging of parts at 1000°F. for 10 to 30 
min. appeared possible. If feasible, use of 
this technique would eliminate the need for 
an expensive long-time age (up to 10 hr. furnace 
time per part) along with special aging fixtures. 

Tests on four different gages from 0.033 to 
0.080 in. (and five heats of material) to deter- 
mine the difference in strength between the 
900° F., 6-hr. age and the short 1000°F., 10 
to 30-min. age showed a loss of 14,700 psi. in 
tensile strength and 4900 psi. in yield strength. 
When the minimum guarantees for the 900° F., 
6-hr. aged material are reduced by the above 
amounts, the design strengths for the finished 
parts produced by simultaneous hot forming 
and aging at 1000°F. for 10 to 30 min.* are 
165,000 psi. tensile and 145,000 psi. yield. 
These values are essentially the same as those 

*To use this combination of forming and aging, 
we employ a somewhat specialized die design. 
Dies are made of cast HR-1 Meehanite with steel 
back-up plates added for more strength. The dies 
are heated by gas burners arranged differently for 
each shape of part to insure maximum temperature 
uniformity. Made of stainless steel tubing (MIL- 
T-8606), these burners are placed on top and bot- 
tom of the Meehanite dies. Titanium blanks are 
carefully shielded from the gas flame at all times 
so that the material will not be contaminated by 
the combustion products. Thermocouples are in- 
serted at strategic points behind the forming sur- 
face of the die to help maintain proper forming 
temperature throughout the part. Although the 
dies are operated at 1000 to 1125” F., scaling has 
not been a problem. The Meehanite dies are still 
in excellent condition after hours of elevated- 
temperature usage. 
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Tensile Strength 


0.2% Yield Strength 


Fig. 2—Age Hardening 
Curves for 4 Al, 3 Mo, 1 V 
Titanium Alloy. This alloy 
is slightly stronger than 
RS-140 according to these 
curves; therefore,the form- 
ing and aging temperature 
is about 100° F. higher 


for hot formed parts which had been given the 
900° F., 6-hr. age. 

For proper stability, the room-temperature 
tensile properties should not drop when the 
part is exposed to 800° F. for 100 hr. Table I 
shows that this requirement is easily met with 
this short-time age. In addition, notched ten- 
sile tests showed that the notched-unnotched 
ratio of RS-140 sheet aged with the short-time 
cycle is superior to that for material given the 
6-hr. age, both before and after exposure at 
800° F. for 100 hr. Thus, 6 hr. of aging was 
not needed from the standpoint of tensile prop- 
erties, notch sensitivity, or thermal stability. 

As an alternate material, Convair requested 
that the Titanium Metals Corp. of America 
(TMCA) conduct short aging cycle tests on 
another alloy, one which contained 4% Al, 3% 
Mo and 1% V. After these tests were per- 
formed, TMCA was able to guarantee 170,000 
psi. tensile, 150,000 psi. yield and 3% elonga- 
tion when the material was aged at 1100° F. 
for 10 to 20 min. Aging curves for this alloy 
are represented in Fig. 2. 

Since the hot forming temperature required 
to obtain a sufficiently tight bend radius and 
eliminate spring back for the 4 Al, 3 Mo, 1V 
titanium alloy is about 100° F. higher than it is 
for RS-140, 1100° F. becomes the optimum tem- 
perature for simultaneous hot forming and 
aging of 4 Al, 3 Mo, 1 V alloy. 


Conclusion 


These tests show that the 6-hr. age for RS-140 
and the 12-hr. age for 4 Al, 3 Mo, 1 V alloys can 
be eliminated when parts are hot formed under 
controlled temperatures and time conditions. 
There is no significant difference in the result- 
ing strength or ductility, and there is also ade- 
quate thermal stability for service conditions 
up to 800° F. for 100 hr. S 
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HEAT TREATING 


AND MELTING FURNACES! 


(Small tool and shop types for 
general hardening 


muffle types. 


(Sarge and small oven furnaces 
{YOven- and slot-type forge furnaces 
ahd various others 


BACKED BY A 38-YEAR RECORD OF DEPENDABILITY 


Write for Ajax-Barkling 
Catalog 106-A 


MAY 1960 


To Ajax-Hultgren and Ajax-Ankersen salt 
bath furnaces has now been added the 
rugged line of Ajax-Barkling oil or gas- 
fired furnaces for a wide variety of heat 
treating needs. These Barkling furnaces— 
widely used in the Midwest for over 38 


years—will now be handled and serviced 
by 20 Ajax sales engineering groups 
located throughout the U. S.—and backed 
throughout by the internationally-famous 
Ajax “know how” of modern heat treating 
methods, procedures and equipment. 


AJAX ELECTRIC COMPANY 


910 Frankford Ave. 
Circle 1669 on Page 48-A 


Philadelphia 23, Pa. 


| 
A ya X 
GAS-FIRED 
types for use with salt or lead }Types for all non-ferrous melting 
| 
3 
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Selecting Metals . . . 
(Continued from p. 88) 
from the corrosion resistance or high-tempera- 
ture strength of the material; however, it has 
poor impact properties at ambient temperature. 
Under repeated shocks of tube cleaning tur- 
bines, the carburized case may crack with 
subsequent rupture of the tube on reheating. 
Weldability is also impaired. 

Steels for chemical plants and oil refineries 
are rarely selected on the basis of resistance 
to carburization. The phenomenon occurs 
largely inadvertently, as the result of some mal- 
function, upset in operation, or some short- 
time condition such as localized hot spots dur- 
ing steam air decoking operations or a furnace 
fire. The heat resistant grades of austenitic 
stainless steels have improved resistance to 
carburization. High-chromium steels (27% Cr) 
have excellent oxidation and carburization re- 
sistance; however, their poor creep strength and 
susceptibility to 885° F. embrittlement pre- 
clude their general use. The Incoloy materials 
are used extensively for fired tubes in ethane 
heaters because of their ease of fabrication, 
resistance to sigma embrittlement, oxidation 
and carburization. 


Problems Due to Aqueous Corrosion 


A second category of problems in chemical 
plants arises from the handling of chemicals 
when in the aqueous condition. As previously 
mentioned, almost all gases, when dry, can be 
handled safely in steel equipment. This is 
also true for practically all dry industrial chemi- 
cals. When mixed with water, problems of 
corrosion may arise, and efforts are made to 
make the streams compatible with steel. Such 
techniques as pH and temperature control, 
inhibition, dilution and equipment design are 
investigated as means of keeping corrosion of 
steel at a tolerable rate. When these methods 
are impractical, protective linings or special 
alloys are employed. 


Hydrogen Blistering 


Steel when exposed to certain aqueous cor- 
rosive media generates atomic hydrogen, as a 
result of the corrosion. This permeates the 
steel, collects in discontinuities such as inclu- 
sion stringers or voids and transforms into 
molecular hydrogen. When a critical amount 
has collected, pressures are of sufficient magni- 
tude to either raise (Continued on p. 164) 
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Fig. 9 — Groove Corrosion Is Evident Adjacent to 
Welds in This Pipe Used for 65% Sulphuric Acid 


Fig. 10 — Admiralty Brass Tube (Expanded View) 
Which Has Failed by Stress-Corrosion Cracking. 
The Tube was in service for 11 months handling 
steam and condensate plus 5 ppm. ammonia 
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Can you answer these 4 questions 
about better plating? 


QUESTION: 
“How can the solderability of electronic parts be 
improved?” 


ANSWER: 

B&A® Lead-Tin alloys with a high tin content pro- 
duce non-corrosive coatings of excellent solderabil- 
ity. These coatings are easily soldered on electronic 
or electrical parts. Solderability is not destroyed by 
long periods of storage before use. The uniform de- 
posit also helps expedite assembly. 


QUESTION: 
“How can wire plating be speeded up?” 


ANSWER: 

The fast plating rate of B&A Copper Fluoborate 
makes possible high-speed electrocladding of hard, 
high strength copper deposits on steel wire. For 
faster electrotinning of copper wire, B&A Tin Fluo- 
borate solutions will deposit tin twice as fast as al- 
kaline baths! 


QUESTION: 
“What can be done to make rugged nickel-plated 
stereotypes faster?” 


ANSWER: 

B&A Nickel Fluoborates build up tough ductile de- 
posits which, in some cases, have enabled stereo- 
types to run up over 3% million impressions. They 
can deposit a nickel face of .0005 inch on the stereo- 
type in 8.0 minute plating cycles . . . providing the 
high speed operation demanded by the printing 
industry. 


QUESTION: 
“What coating will best protect vital engine parts 
during break-in periods?” 


ANSWER: 

A lead-tin alloy of low tin content, plated from B&A 
fluoborate electrolyte, will provide good corrosion 
and wear resistance as well as superior lubricating 
properties to protect bearings, pistons and similar 
parts that require marginal lubrication during 
break-in periods. 


Consider all these advantages of B&A Metal Fluoborates: 
No mixing or dissolving necessary (all B&A Metal Fluoborates come in 
ready-to-use concentrated solution form) ... easier bath preparation . . . 
excellent bath stability, with minimum of sludging... good covering power 
. - - give fine grained deposits of good color . . . allow ease of maintenance, 
since anode and cathode efficiencies approximate 100%. 


Want further information? 


Write us today for technical data on your plating application. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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Granulation of Pig Iron 


LONDON 


Proper handling of the molten 
metal from an iron blast furnace 
has always been a serious problem, 
even before the turn of the century, 
when furnaces made only a hundred 
tons or so of metal a day. Then — 
and even now in certain places — 
the iron was run into depressions in 
a sand bed. The terminology — 
“pig” for the units and “sow” for 
the runner — is characteristic. The 
obvious disadvantages are the labor 
required to break up and handle the 
solid iron and the sand which ad- 
hered to its surface. 

Around the turn of the century, 
new blast furnaces being built were 
greatly enlarged in size and capacity, 
so pig casting machines were de- 
vised where a chain belt carrying a 
succession of steel pans would catch 
a stream of molten metal. The ma- 
chine made pigs of uniform size 
and they could be dumped auto- 
matically into appropriate railroad 
cars. 

The usual practice in Great Britain 
at the present time in an integrated 
plant is to transport pig iron in its 
molten state from the blast furnace 
to the steelworks. If the steel plant 
does not operate at weekends, the 
molten iron has to be taken care of, 
and this is usually done by casting it 
in a pig casting machine, and stocked 
for later use. The size of the pigs 
varies from 20 to 50 Ib. and they 
cannot be handled in bins on ac- 
count of their size; the charging 
boxes are filled either by hand or 


by electromagnet. The transportation 
of these pigs also causes consider- 
able wear and tear on the handling 
equipment. 

A method has now been developed 
for granulating the pig iron, which 
is cheap, results in a product very 
easy to handle, and apparently has 
a considerable number of advan- 
tages over the older methods. This 
was devised and patented at the 
Wellingborough Works of Stewarts 
and Lloyds, Ltd., and the plant 
there has now dealt with nearly 
1,000,000 tons of iron. The method 
consists of pouring a ribbon of molt- 
en iron over the lip of a runner, 
into a bank of high-pressure water 
jets, which splits up the flow of 
metal into granules, the size of which 
is to a certain extent controlled by 


the pressure of water. These gran- 
ules are collected in the hopper 
bottom of the granulating tank, and 
they are continuously removed on an 
inclined conveyer which can de- 
liver the iron either into trucks or on 
to a stockpile, depending on local re- 
quirements. The nature of the iron 
is also such that it can be handled 
through stock bins when desired. 

The water from the tank contin- 
ually overflows so the predetermined 
temperature in the tank is not ex- 
ceeded. This overflow water is car- 
ried to a settling tank to free it of 
any entrained solids, after which it 
can be drained away or it can be 
cooled and re-circulated if a closed 
water system is desired. 

Such a granulating plant occupies 
less area than a pig-casting ma- 


Stockpile of Granulated Pig Iron With a Pile of Machine-Cast Pigs in 
the Background. Angle of repose is the same for both classes of products 
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Zirconium Liner 
fabricated for lower 
reactor vessel inlet 
plenum ina 
gommercial power 
installation. 8’ 
“diameter in 12 


sections 
‘a 


aS 


Facilities are now avilable for fabricating Zirconium metal 
odie assemblies to your specifications. (juotations on making finished items 
 $nvolving machining, welding or finishing will be sepplied upon 
request. Equipment is also available for producing simple or complex 


shapes of Hydrided Zirconium. Finished shapes or convertionai mill 
ma CHINED items are supplied in commercial, reactor grade or Zircaloy compounds. 
ie Technical information or counsel will be furnished upon request. 
WELDED 
See a ZIRCONIUM METALS CORP. OF AMERICA 
Division of National Lead Company 
417 BROADWAY, NEW YORK CiTY 


Zirconium Metal Yaive Resists Severe Crucibles Cost Less 
Gathode Corrasio: Te Use 
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NUCLEAR POWER 
RESEARCH 


At GE’s Aircraft Nuclear Propulsion De- 
partment in Cincinnati, Ohio, more than 50 
Marshall furnaces help test materials being 
developed for aircraft nuclear power plants. 
The furnaces are components of GE-de- 
signed rigs used for stress-rupture, creep, 
thermal expansion, cyclic temperature and 
cyclic stress testing. Tests are conducted, 
within air, on cermets, intermetallics, true 
ceramics and aijoys. Marshall furnaces ac- 
curately maintain set temperature levels as 
high as 2400° F., within + 3° F. 

Marshall offers a complete range of tubu- 
lar, resistance wound, shunt-type furnaces 
for many uses up to 2600° F. Furnaces fea- 
ture uniform temperature or regulated tem- 
perature gradient and rigid zone control to 
+3° F. (under certain conditions, temper- 
atures can be held to +1° F.!). Test dura- 
tion can range from moments to 10,000 or 
more hours. Furnaces are compactly de- 
signed, and include standard mountings for 
easy assembly to testing machines. Models 
are available from 1” to 12” I.D. or more, 
and from a few inches to several feet long. 

Marshall also offers special vacuum ten- 
sile and creep testing furnaces for 3000° F. 
and 4000° F. Hot-hardness testing models 
available to 3000° F. 


MARSHALL PRODUCTS CO. 


tubular furnaces and control panels 
270 W. LANE AVENUE, COLUMBUS 2, OHIO 


write today for 
complete information 


, Stress-rupture rigs at General Electric (at top). 
' Marshall 4000° F.. vacuum testing furnace (left). 
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chine and considerably less than a 
pig bed. It also has the advantage 
of being much cheaper to install than 
a pig-casting machine. The operat- 
ing costs per ton are approximately 
one-third, varying a little depend- 
ing on the quantity granulated. 
Less fuel is required in the steel 
works for re-melting this granu- 
lated iron than is needed for the 
chunky pigs. Maintenance is also 
reduced to a minimum, the only 
moving parts being the water pumps 
and the conveyers. It is necessary 
to empty the tank about once a week 
to clean out accumulated sludge. 

The basic size of plant is de- 
signed to granulate at the rate of 
two tons per minute, but for larger 
capacities the plant can be increased 
by units of one ton per minute each, 
up to any capacity required. 

Tom BisHop 


Consulting Editor 
Metal- Progress 


Dangerous Watches 


on the Loose 
Cauiron, N.]J. 


Readers of Metal Progress may be 
interested to know how the danger- 
ously radioactive watches of foreign 
manufacture, noted in the item on 
p. 134 of the February issue, were 
discovered. 

The St. John Filmbadge Service 
has been monitoring personnel for 
radiation exposure in a large metal- 
lurgical plant. Only X-ray equip- 
ment is in use at that plant and 
no unpermissible exposures ever 
occurred. However, an unusual ex- 
posure of minor importance was dis- 
covered in the course of routine 
procedures, and the film indicated 
radio-isotopes rather than X-rays as 
the source of radiation. 

The health supervisor at the plant 
discovered that the person whose 
filmbadge showed the exposure was 
sporting a new wrist watch. We 
suggested that he place the watch 
between two filmbadges over night. 
This produced high markings on the 
film. 

About that time we had two vis- 
itors from the U.S. Atomic Energy 
Commission’s staff at our laboratory, 
and I told them about the radioactive 
wrist watch. They asked for the 


METAL PROGRESS 


| Marshall Furnaces at General Electric 
af 
j 
: 
is 
a 
2 
138 


MASTERING THE MOLECULE...WITH ELECTRON MICROSCOPY 


Crystal growths on stainless steel 
revealed by RCA Electron Microscope 


Crystals which grow as billions of oxide “‘whiskers,” or thin upright parallel plates, from the | 
surface of stainless steel are revealed for the first time by the RCA Electron Microscope at 
the Westinghouse Research Laboratories, Pittsburgh. Their appearance may now explain 
destructive failure of the metal known as “‘stress corrosion cracking.”” Apparently, minute 
crevices grow downward into the metal surface as the crystals thrust themselves above it, 
causing a concentration of stress at the base of the crevice and eventually, failure. Studies 
such as these indicate the importance of the RCA Electron Microscope in the investigation 
of the fundamental mechanisms involved in corrosion. 


The RCA Electron Microscope is proving invaluable throughout hundreds of laboratory 
applications. The EMU-3 provides electron image magnifications up to 200,000X. A con- 
venient grouping of controls, and the automating of many functions contribute to the high 
efficiency of this instrument and provide unusual operating simplicity. These, plus a unique 
high-speed vacuum system, R-F power supply and exceptional stability are features that 
have made the RCA Electron Microscope the most widely used instrument of its kind. 


Of special usefulness in chemical and metallurgical research is a new Diffraction Chamber, 
permitting these microscopes to perform reflection and transmission electron diffraction. 


RCA also offers a complete range of equipment for X-Ray Diffraction and Spectroscopy. 
Installation supervision and contract service to keep RCA Scientific Instruments operating 
at peak efficiency are available through the nationwide offices of the RCA Service Company. ‘inthe above electron micrograph, oxide 


For further information about RCA Scientific Instruments write RCA, By 
Dept. G-72, Building 15-1, Camden, N.J. In Canada: RCA VICTOR eater 
Company Limited, Montreal. crystal habit changes and upright 
parallel plate crystals appear. 


RADIO CORPORATION of AMERICA 


Tmk(s) ® SCIENTIFIC INSTRUMENTS * CAMDEN, N. J. 
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“DID IT! 


When advanced Vacuum Furnace design is being dis- 
cussed, more and more you hear the name KINNEY. The 
1000 Ibs. Furnace shown above is a case in point. The 
crucible of this Uranium Melting Furnace will handle 
loads of 2200 lbs. of Uranium, (or 1000 lbs. of Steel). The 
molten metal may be tilt poured to form ingots or shapes 
while under vacuum. 


Induction Heating Coils produce temperatures to 1700° 
C, and the pumping system develops pressures below 
10 microns...a schedule of 3 cycles per 24 hour day 
can be developed. The work chamber is fully accessible 
—the door being suspended on an overhead rail. Many 
innovations and refinements—too many to mention here 
--are incorporated in this new KINNEY development. 


For more effective Metal Purification, Degassing, Vacu- 
um Melting, Alloying, Sintering, Brazing, Annealing 
and Heat Treating, the answer to your problem can well 
be a KINNEY development. Write for Bulletin 4510 today. 


KINNEY vacuum oivision 
THE NEW YORK AIR BRAKE 
3584E WASHINGTON STREET + BOSTON 30 + MASS. 


Please send me KINNEY Bulletin 4510 and full informa- 
tion on Vacuum [J Melting Sintering Brazing 
0 Annealing (1 Heat Treating Degassing. 


HIGH VACUUM 
METALLURGY 


RNACES! 


City. Zone___State 
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watch and traced the manufacturer. 
It was of Swiss origin and the radio- 
activity was due to strontium 90 and 
the element was supplied by the 
British Atomic Energy Establishment 
at Harwell. 

About a month later I noticed a 
press report from Washington, dated 
Dec. 17, 1959, stating that 605 
watches had been imported to this 
country by the American Rolex 
Watch Corp., and a much smaller 
number probably had been pur- 
chased by Americans abroad. So 
far, about two thirds of them have 
been returned for new, safe dials. 
(By the way, the retail price is $240, 
bracelet and Federal tax included.) 

It appears to me that the broader 
aspects of the case are: Why did the 
customs inspector pass a shipment of 
such highly radioactive material? 
(In lots of 600 the radioactivity 
could easily have been discovered.) 
New York City has a strict radiation 
protection code and the Department 
of Health is supposed to check all 
radio-isotope users and places where 
radioactive materials are stored. 
Why did they fail to discover this 
unusually high radioactivity? 

HERBERT R. ISENBURGER 


President 
St. John X-Ray Laboratory 


More on “Clean” Steels 


PITTSBURGH 

In H. W. McQuaid’s comments on 
my paper, “Effect of Melt Shop Prac- 
tice in Cleanliness for High Speed 
Steels” (Metal Progress, March 
1960, p. 174), most of his discussion 
is related to microcleanliness, while 
the paper itself was primarily limited 
to macrocleanliness. However, the 
paper did identify the slits as being 
chromite and _ silicate inclusions. 
Sulphides were not found to any 
degree in the steels and they have 
never been a problem. Except for 
bearing applications, high speed tool- 
steels are not purchased to a micro- 
cleanliness specification. 

Mr. McQuaid inquired about the 
sulphur content in the high speed 
steels investigated. The average sul- 
phur content was 0.014% but no 
relationship was found between sul- 
phur content and macrocleanliness. 
Deliberate additions of sulphur 
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Just suppose 
YOU cut reject costs 


Yes, you’d certainly look good 
to your company and associates... 
and benefit your company. 


And it’s not so wild a dream, either. 


Many companies have cut the costs of rejects and 
re-work much more than 50%. Simply by wisely 
planned use of Magnafilux Testing Systems to 
find cracks and other defects in materials and 
parts—before time, money and man-power are 
wasted in useless later processing. 

Savings don’t stop there, either. Usually they 
also include increased production capacity, better 
maintained delivery or assembly schedules, sat- 
isfied customers who stay loyal against competi- 
tors’ coaxings. All of which is very good for 
anyone with a personal stake in his company’s 
future. 

Best part of it is, you don’t have to risk a 


High speed inspection of forged universal yoke shafts using conveyor- 
ized Magnaglo unit. Under black lights cracks become glowing signals 
impossible to miss and easy to judge. 
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thing. Magnafiux has been helping companies 
big and little to save money and assure reliable 
standards for over thirty years. You can be sure 
of getting the benefits you expect—whether to 
meet tight specifications, job lot or modest in- 
spection standards. . . test castings, weldments, 
stampings or forgings . . . even for hardness, 
conductivity and alloy tests. Leading engineers, 
production managers and testing laboratories 
back your judgement in choosing a Magnaflux 
Test System, all sold on a money-back guaran- 
teed basis. 

This year many delayed capital appropriations 
will come up for decision. Can you really afford 
any longer to get along without savings from a Mag- 
naflux Test System? Ask to have a Magnaflux 
engineer check your needs with you .. . then 
make a Magnafiux Test System a ‘‘must have” 
item. 


Many Magnaflux Test Systems: 
to test magnetic materials for cracks, seams, 
etc. 


ZYGLO for non-magnetic and other materials—cracks, leaks, etc. 
SONIZON Ultrasonic Thickness Measuring. 
STRESSCOAT to find and measure stress on parts—overall. 


MAGNATEST electronic testing for hardness, conductivity, alloy, prox- 
imity, and many more. 
And still other methods and techniques, some completely new. 


MAGNAFLUX CORPORATION 
A Subsidiary of General Mills 

7322 West Lawrence Avenue, Chicago 31, Ililinois 

New York 36 Pittsburgh 36 + Cleveland 15 

Detroit 11 Dallas 35 . Los Angeles 22 


The Hallmark of 


in nondestructive test systems 
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*ALLOYIST—Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need. 


*ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**. 


*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority. 

Put the Alloyist on your Design Staff, Purchasing Staff and Produc- 
tion Staff. We know of only one fully qualified Alloyist . . . Riverside- 
Alloy Metal. Write today for complete information. Riverside-Alloy 
Metal Division, H. K. Porter Company, Inc., Riverside, N.J. 

** Trademark of the International Nickel Co., Inc. 


Visit Booth #148 at the Southwestern Metal Exposition 
Visit Booth #142 at the Design Engineering Show 


RIVERSIDE-ALLOY p METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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(0.12%) are made to high speed 
steel to increase machinability. 

He mentioned that “the adverse 
effects of sulphides on hot and cold 
impact values are much more di- 
rectly related to the type of sulphide 
than to the amount”. However, 
this investigation was not concerned 
with the cause of low impact values 
or hot shortness. The steels were 
deliberately fractured in order to 
locate slits, and the presence or 
absence of slits was the basis for rat- 
ing macrocleanliness. 

Mr. McQuaid also asked about the 
manganese practice. After the origi- 
nal slag (all heats were melted with 
a two-slag practice) was reduced 
and'up until 40 min. before time of 
tap, the steel contained about 0.20 to 
0.22% Mn. Then, about five points 
of manganese was added to the steel 
as FeMn. (The usual upper limit 
for manganese in these steels was 
0.30%. ) 

On the surface, the idea of adding 
an excess amount of manganese sili- 
cates, which will rise to the slag, has 
merit. However, the formation of 
manganese silicates can only be 
accomplished under the following 
conditions: (a) The manganese must 
be in the form of MnO so that MnO 
combines with SiO., and (b) since 
all of these steels contain 4% Cr, a 
large amount of Cr,O, will be 
formed before manganese is oxi- 
dized. Not only will this method 
increase the amount of chromite in- 
clusions in the steel, but chromium 
will be lost to the slag. 

Concerning the silicon practice, 
the steel probably contained less 
than 0.04% Si after the oxygen blow 
and up until 20 min. before tap. The 
required amount of silicon was added 
as 50% FeSi 20 min. before tap. 

The high silica slags were obtained 
by making deliberate additions of 
sand or a commercial reducing agent 
to the refining slag. Deoxidizing 
with FeSi instead of calcium carbide 
was another way to obtain a very 
low lime-silica ratio in the slag. All 
of these practices, however, pro- 
duced very dirty steel. The effect 
of silica content in the slag on macro- 
cleanliness was clearly shown in the 
paper. 

WaLTHER L. HAVEKOTTE 


Steel Metallur 
A. M. Byers Co. 
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PART: Welded bellows-type seal. MATERIAL: Type 410 Stainless Steel. SPECI 
FICATIONS: To be hardened under close control because of variations in 
metal sections. Finished assembly to be clean, bright and free from oxides and 
scale. Seal in photo has been cut to show cross section of the bellows-type seal. 


How would you heat treat a part like this? 


The stainless steel bellows-type seal shown is used in a number of applications, 
from refrigerating systems to missiles, where mechanical seals are needed 
to resist extreme temperatures from —400F to +1200F. Heat treatment is 
complicated by the wide variation in section between the thin bellows and 
the much heavier outer rings. 

The Sealol Corporation, Warwick, R. I., solves the problem with a Hayes 
electric furnace equipped with GLOBAR® silicon carbide heating elements. 
Depending on the material of the welded bellows (stainless steels of the 
300 and 400 groups, precipitation hardened steels such as AM350, 17-7PH, 
Inconel X, etc.), hardening is between 1700F and 1900F, followed by muffle 
cooling, both in a hydrogen atmosphere. 

GLOBAR elements make possible the precise temperature control and clean 
heat, independent of the atmosphere, required in this critical operation. 
Rod-type element simplifies design, furnace construction and servicing. Losses 
are minimized because all heat is produced and contained inside the furnace. 

The many advantages of heating with GLOBAR elements often more than 
cancel out differentials in BTU costs between electricity and other fuels. Why 
not investigate with your furnace builder—or write to Refractories Division, 
Globar Plant, Dept. MP-50, The Carborundum Co., Niagara Falls, N. Y. 


For latest advances in silicon 
carbide heating elements... count on 


CARBORUNDUM. 


Circle 1677 on Page 48-A 


For precise, economical 
electric 
heating 


GLOBAR 
silicon carbide 
heating elements 


* Shipped from stock or within two 
weeks. 

¢ Temperatures from 1400 to 2800 F, 
precisely controlled, independent of 
atmosphere. 

* Easily replaced from outside with- 
out waiting for furnace to cool. 

¢ “On line’ operation for many 
applications—no transformer neces- 
sary. 

* Rods 4” to 105” in length. 

¢ For greater economy in heat treat- 
ing, brazing, forging, melting, and 
sintering. 
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Max Hansen @, managing di- 
rector of Metallgesellschaft A.G., 
Frankfurt am Main, West Germany 
— elected a member of the board of 
directors of Vereinigte Deutsche 


Metallwerke A.G. 


Morton M. Jenkins @ — from steel 
sales metallurgist to assistant to the 
manager of steel sales, A. M. Byers 
Co., Pittsburgh. 


Harold A. Moffat @ — now salt 
bath furnace specialist for Lindberg 
Engineering Co., Chicago. 


Robert P. Uhl @-— from district 
manager of the New York and 
Bridgeport territories of Carpenter 
Steel Co., Reading, Pa., to Atlantic 
regional manager. 


Choh-Yi Ang @ — now director of 
the materials laboratories of P. R. 
Mallory & Co., Inc., located in In- 
dianapolis, Ind. 


R. D. Veneklasen @ — from chief 
metallurgist and manager of the 
Niforge Corp., Boston, to supervisor 
in the metals development depart- 
ment, Thiokol Chemical Corp. Utah 
division in Brigham City. 


Donald T. Smith @-— named 
technical sales representative to the 
New England region of Union Car- 
bide Plastics Co., with headquarters 
in Boston. 


Walter Allan MacLean @ — ap- 


pointed inspection specialist, metals 
and materials treatment processes, 
by the U. S. Air Force in Boston. 


D. H. Blackmar @ — from LeRoi 
Div., Westinghouse Air Brake, to 
chief metallurgist, Talon, Inc., 
Meadville, Pa. 


George H. Bodeen named 
general sales manager of all plants 
of Lindberg Steel Treating Co., Chi- 
cago. He is also project manager of 
the company’s rocket and missile de- 
partment. 


Bruce O. Young @ — from market 
development coordinator with the 
alloy and carbon specialties division 
to product manager, alloy and car- 
bon specialties, Crucible Steel Co. 
of America, Pittsburgh. 


Martin T. McGowan @-— from 
development engineer, Bridgeport 
Brass Co., to staff metallurgist in 
the pilot production section, Mid- 
land (Pa.) Research Laboratory, Cru- 
cible Steel Co. of America. 


Raymond H. Scheuer @ — from 
sales engineer for Midvale-Heppen- 
stall Co. to the Detroit regional sales 
office of Heppenstall Co. following 
the merger of both companies’ sales 
force. 


Norris G. Yonker @ — now chief 
metallurgist at Thor Power Tool Co. 
in Aurora, II. 


William M. Dempster @ — trans- 
ferred to the Detroit sales office of 
Surface Combustion Div., Midland- 
Ross Corp. 


Harry M. Weart @ — left West- 
inghouse Research Laboratory in 
Pittsburgh to become assistant pro- 
fessor of metallurgy at Cornell Uni- 
versity in Utica, N.Y. 


Joseph S. Goughnour @ — recent- 
ly retired. 


David E. Deutsch named 
head of the metallurgy department 
of advanced projects division, Aero- 
jet-General Nucleonics, San Ramon, 
Calif. 


R. D. Engquist @ — from senior 
research metallurgist, American Steel 
Foundries, East Chicago, ind., to 
technical staff, research and develop- 
ment laboratories, Hughes Aircraft 
Co., Culver City, Calif. 


J. R. Lewis @ — from supervisor, 
fuel element materials development, 
aircraft nuclear propulsion depart- 
ment, General Electric Co., Cincin- 
nati, Ohio, to consulting engineer, 
materials investigation, for the same 
department. 


John T. Rojack @ — from techni- 
cian in the metallurgical laboratory 
to supervisor in charge of wire an- 
nealing and plating, Lamson, Ses- 
sions Co, 
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* 75% saving in tool co 
* saving 


New, Radial Draw Forming Machines 
with H'GH SPEED production are oper- 
ing broad horizons in forming metal parts. 
Greatly increased freedom in part design 
... plus unparalleled production econe- 
mies are now obtainable with this new 
process. For the company with vision and 
foresight to go beyond old fashioned 
fabrication methods . . . the potential 
is unlimited. 

Parts requiring single or compound curves, 
constant or varying radii can be formed by 
The Cyril bath Special Products Division 
... OF we can design and build a machine 
for you to effect major production econo- 
mies. Write, wire or phone for literature... 


32240 AURORA ROAD 

{LOCATED IN THE GREATER CLEVELAND AREA} 

Menufocturers of Redial Deaw Farmers Dies « Tagh 

Press Brokes « Tangent Bending Sequence Prenes Prous 
Type Special Machines 
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Flaw Detector for contact or i 
_mersed testing makes a dramatic 


“improvement in the acoustical 
picture’ of internal structure. 


SENSITIVITY reveals 1/64” FBH full- 
scale at 2.25 and 5.0 mc/s; 


RESOLUTION clearly defines 3/64” 
FBH at 1/8” at 2.25 mc/s in con- 
tact testing; 


CALIBRATED CONTROLS make it 
possible to return precisely to pre- 
vious conditions; 


INFINITE CHOICE OF FREQUENCIES 
without tuning: broad-band receiver 
adapts automatically to any trans- 
ducer from 0.4 to 10.0 mc/s; 


PYRAMID MARKER with variable de- 
lay for precise interpretations with 
contact or immersed, angle or 
compression techniques. 


SIMPLIFIED CONTROLS, lightweight 
(37 Ibs.), and assured nationwide 
factory-trained service. 


BRANSON INSTRUMENTS. INC. 


6 Brown House Road, Stamford, Conn. 
Send SONORAY® Bulletin T-203 to 


NAME, 
FIRM, DEPT. 
ADDRESS. 
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Personals . . . 


Joseph Remenyi © from chief 
metallurgist, Axelson Mfg. Co., divi- 
sion of U. S. Industries, Inc., Los 
Angeles, to research scientist in met- 
als for liquid propellant rocket en- 
gines at North American Aviation’s 
Rocketdyne Div. in Canoga Park, 
Calif. 


Walter Z. Davis @ — resigned as 
director of engineering and research, 
Brown Trailer Div., Clark Equip- 
ment Co. in Michigan City, Ind., to 
join architectural and engineering 
firm of Culler, Gale, Martell, Norrie 
and Davis as partner in charge of 
mechanical and industrial engineer- 
ing in Spokane, Wash. 


W. L. Phillips @ — completed his 
graduate studies at Yale University, 
receiving a doctorate in metallurgy. 
Now research engineer at the engi- 
neering research laboratory of E. I. 
du Pont de Nemours & Co., Wil- 
mington, Del. 


Marshall G. Whitfield © — now 
president of newly formed Al-Fin 
Corp., Bethel, Conn. 


Malcolm S. Grahm © — from proj- 
ect officer in high-strength metals 
section of materials laboratory of 
Wright Air Development Center, to 
Crucible Steel Co. of America’s Mid- 
land (Pa.) Research Laboratory. 


Rocco Robelotto —now re- 
search engineer in application re- 
sistance welding of high-tempera- 
ture alloys at North American Avi- 
ation in Los Angeles. 


Hilton N. Rahn, Jr. @-—now 
metallurgical engineer in the physi- 
cal metallurgy division of Bethlehem 
Steel Corp.'s research department. 


Fred P. Battle @— from metal- 
lurgist, tin mill division, Kaiser Steel 
Corp., Fontana, Calif., to metallurgi- 
cal engineer and plant metallurgist, 
Union Carbide Ore Co., Newport 
News, Va. 


Francis E. Adams @-— from 
Temco Aircraft Corp., to Leukart 
Machine Co., Columbus, Ohio, head- 
ing a department engaged in weld- 
ing, brazing and heat treatment of 
alloys used in aircraft and missiles. 


Victor Skvara @-—now working 
as a metallurgist at Pratt & Whitney 


Aircraft Co., West Palm Beach, Fla. 


STRAITS 


TIN 


News of developments / 
in the, production 
and uses of tin 


Rubber tin—A tin compound that 
stretches like rubber and can be vul- 
canized has been developed by the 
Army. Tin is substituted for carbon, 
the usual base of rubber. The new 
polymer, alkyl tin methacrylate, is a 
“stretchable” high-temperature mate- 
rial with greater resistance to chemical 
fuel than conventional rubber. This 
may lead to a series of carbon-replace- 
ment materials similar to boron chem- 
ical fuels. 


New tinplate that is lighter, 
stronger and thinner than any ever 
made is being researched by major 
steel producers. It shows great promise 
and is expected to offer important 
economic advantages to canners and 
other tin plate users, for shipping and 
product protection. No change in tin 
content of the new plate is indicated. 


Nonspattering flux is the re- 
sult of experiments by Tin Research 
Institute. The new soldering process 
uses polyethylene glycol instead of 
acidified water as a vehicle for acid 
fluxes. It has a low boiling point— 
flux won’t spatter when it contacts 
molten solder or soldering bit. Spreads 
smoothly over large area. Won't rust 
or corrode; residue washes off easily. 
Low volatility prevents evaporation; 
high flashpoint eliminates fire risk. No 
unpleasant odors or harmful fumes. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 25E, 2000 K Street, N.W., Washington 6, D.C. 
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N addition to the more usual grades, Carlson regu- 

larly produces stainless steel plate and plate products 
in this wide range of superior analyses in any thickness. 
Many of these grades are included in our mill inventory; 
the others can be rolled to your order. 

These chromium-nickel analyses were developed to 
more closely match the exact requirements of process, 
nuclear, and space equipment. Each has one or more 
of the following advantages: increased corrosion and/or 
heat resistance, good machinability, ease of fabrica- 
tion, and exceptionally high physical properties with low 
temperature heat treatment. By selecting the grade that 
gives you the combination of advantages you want, 
your costs can be reduced and the trouble-free life of 
your equipment extended. 

Write today for details on these superior grades and 
for inventory information on all types of stainless steel 
plates and heads. 


*Trade marks of Armco Stee! Corporation 


Only Carison produces 
all plate thicknesses 

in all these superior grades 3171 
of stainless steel 
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Plates + Plate Products + Heads » Rings » Circles » Flanges » Forgings + Bars and Sheets (No. 1 Finish) 


N 


ad 
} 

: 128 Marshalton Road ; 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


Continuous Heat Treating Depends 
on Continuous Product Flow and... 


Aluminum piston heads flow on Ashworth Balanced Weave design B 60-38-14. It affords the required 
smooth surface characteristics to facilitate transfer and minimize product marking. 


ASHWORTH KEEPS YOUR PRODUCT 
ON THE MOVE... CONTINUOUSLY! 


In brazing, hardening, quenching, annealing, tempering, wash- 
ing, sintering . . . any operation that demands continuous 
product flow . . . Ashworth Metal Process Belts can help you 
reduce handling and maintenance costs. 


Ashworth Metal Process Belts can be fabricated from any 
metal or alloy . . . with any required surface characteristic. 
Skilled Ashworth Engineers have designed these belts to with- 
stand and operate at temperatures up to 2100°F. Ashworth 
open mesh design permits circulation of processing atmosphere, 
or free drainage of process solutions in quenching, pickling 
and tempering. 


Engineering, plus accurate selection of wire analysis, plus 
careful fabrication insure quality woven into every Ashworth 
belt. You can depend on Ashworth to carry the load... 
continuously. 


Consult your nearest Ashworth Sales Engineer 
or write directly to: 


ASHWORTH BROS., inc. 


WINCHESTER, VIRGINIA 
Sales Offices In Principal Cities 
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Personals . . . 


Wayne M. Robertson @ — com- 
pleted his master’s degree in metal- 
lurgical engineering at Michigan 
State University and is now work- 
ing for a doctorate at Carnegie In- 
stitute of Technology on a National 
Science Foundation Fellowship. 


Fred H. Domina @-—from re- 
search engineer, Boeing Airplane 
Co., to senior scientist in the mis- 
siles and space division laboratories 
of Lockheed, working on the join- 
ing of materials. 


Hsun Hu @ — from Westinghouse 
Research Laboratories to senior sci- 
entist and head of the texture and 
orientation section, physical metal- 
lurgy division, of U. S. Steel's 
Fundamental Research Laboratory. 


Stanley Mocarski resigned 
from Ford Motor Co. of Canada Ltd. 
to become metallurgical engineer 
with Canadian General Electric, 
Civilian Atomic Power Department, 
Peterborough, Ont. 


E. J. A. Fontana @ — now weld- 
ing laboratory technician in the re- 
search laboratories of American Car 
& Foundry Co., Inc., Berwick, Pa. 


R. Terrence Webster @ from 
senior engineer, Westinghouse 
Atomic Power Div., to head of fuel 
element process development group, 
Aerojet-General Nucleonics, San 
Ramon, Calif. 


Willard H. Nev @ — from district 
manager, Pittsburgh, to district man- 
ager, Chicago, for Leeds & North- 
rup Co. 


Coy L. Huffine © — transferred 
from General Electric’s aircraft nu- 
clear propulsion department to the 
company’s research laboratory in 
Schenectady, N. Y., for a specialized 
study of ceramic problems relating 
to aircraft nuclear propulsion. 


Edwin L. Pfeifer @— from sales 
representative in the Pittsburgh dis- 
trict for Heppenstall-Midvale Co. to 
sales representative in the Chicago 
district for rolls, forgings, material 
handling and metal cutting knives. 


Andrew R. Walsh @ — from Wy- 
man-Gordon Co. to metallurgist, 
high-temperature alloys and techni- 
cal service, Carpenter Steel Co., 
Reading, Pa. 
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CAMERON FORGINGS 


New properties — new quality 
for new design demands. 


Cameron split die ferrous forgings 
have now been produced for more 
than a decade — a very short span 
in the ancient art of metal form- 
ing, but just in time to fulfill and 
stimulate new demands in an age 
which has made the greatest de- 
mands in the history of metallurgy. 
Our processes and forgings have 
no exact counterpart in previous 
forging practice. The 13,000 pound 
throttle valve body of chrome 
moly material, photographed 
above as it emerges from its split 
die in one of our side ram presses, 
is a typical Cameron solution to 
a recent problem, requiring large 
size, unusual shape and top 
quality. 

The inset photograph gives an 
idea of our range in size and 
shape while producing the same 
superior properties. This jet en- 
gine turbine wheel, A-286 mate- 
rial, weighs about 13 pounds, but 
is one of today’s most demand- 


ing applications for precision 
member. 

Large or small, our forgings 
possess unusual metallurgical 
properties because: 


[~ 


4. Cameron techniques allow in- 
tricate shapes to be forged in one 
heat, yielding uniformly high 
properties from center to surface 
and uniform fine grain size. 

2. The movement of metal under 


high internal pressure increases 
the transverse ductility properties 
several times above normally ex- 
pected values. 

3. The internal working of the 
metal breaks up segregated mate- 
rial inherent in the center of steel 
and high density alloys and yields 
forgings that consistently meet 
high ultra-sonic standards. 

4. The totally enclosed method 
of forging avoids flash line mag- 
netic indications and the localiz- 
ing effect of the flash grain on 
transverse, fatigue, and stress rup- 
ture properties. 

If you specify or purchase ferrous 
high density alloy or refractory 
forgings and would like more 
information about our facilities, 
write, call or come by .. . 
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Wheelco complete process control 

systems are being specified more and 

more by process control engineers who 

demand accuracy and reliability. With top- 
quality instrumentation and the engineering 
know-how necessary to meet specific requirements, 
Wheelco is providing companies in every industry 
with automatic process control systems to fit their 
particular manufacturing processes. Arrange now 
for a consultation with Wheelco. Find out how 
Wheelco can meet your requirements for 
automatic process control. Contact your 

nearest Wheelco sales office. 


SERIES 
8000 


Single point potentiometer type indicating and 


recording controller for temperature, speed, strain, 
acidity, alkalinity and other variables that can be 
WHEELCO INSTRUMENTS DIVISION resolved into electrical systems. Wheelco multi- 
point recorders will handle up to 24 points at speeds 
BARBER-COLMAN COMPANY from 3 to 24 inches per hour. Get all the facts 
DEPT. E, 1518 ROCK STREET, ROCKFORD, ILLINOIS about Wheelco control systems. Call your nearby 
Barber-Colman of Canada, Ltd., Dept. E, Toronto and Montreal, Canada Wheelco Instruments Division representative. 


INDUSTRIAL INSTRUMENTS * AUTOMATIC CONTROLS « AIR DISTRIBUTION PRODUCTS + AIRCRAFT CONTROLS * ELECTRICAL COMPONENTS 
SMALL MOTORS * OVERDOORS AND OPERATORS * MOLDED PRODUCTS * METAL CUTTING TOOLS * MACHINE TOOLS « TEXTILE MACHINERY 
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FORGING OR TAPPING... ‘dag’ DISPERSIONS 
BRING IMPRESSIVE SAVINGS 


The versatility of Acheson ‘dag’ brand dispersions has been proven 
in many metalworking applications. Here are two such examples: 
the one involving the material-time savings possible by the use of 
sprayable colloidal graphite; the other, overcoming pressure and 


frictional heat problems with the use of a mica dispersion by 
Acheson. 


*Prodag’ is automatically spray-applied simultaneously on both upper and lower die 
surfaces of this forging press at Mueller Brass. 


Mueller Brass Company saves $15,000 a year in labor-material 
costs alone. This is in addition to increasing die life, reducing the 
scrap loss, and improving the finish of their forgings ... the 
reasons why Mueller initially chose Acheson’s Prodag@® over other 
forging lubricants. The total savings can be estimated as “consid- 
erable”, since this Port Huron, Michigan company is the world’s 
largest producer of brass and bronze forgings. 


Before using ‘Prodag’ — a dispersion of graphite and water, 
Mueller lubricated their crank forging presses with a highly 
viscous, petroleum-based material which had to be swabbed by 
hand between each press stroke. The human element frequently 
meant too much lubricant being applied in some areas of the die, 
too little in others. The result in the first case, was either imper- 
fect forgings or cracked dies brought about through displacement 
pressures. In die areas where there was insufficient lubrication, 
metal stuck in the die cavity. The forged piece had to be scrapped 
and time was lost while the metal was pried out of the die. 


To overcome these multiple problems, Mueller was introduced to a 
sprayable lubricant and designed their own spray equipment, 
which lubricates lower and upper dies simultaneously. In this 
application, ‘Prodag’ is diluted 1 to 35 with water and is kept 
under agitation at the press. Time studies have shown that spray- 
ing has given them a five percent-per-pound economy over swab- 
bing. Even more importantly, the use of ‘Prodag’ has resulted in 
more uniform, complete coverage. The $15,000 to $17,000 annual 
labor-material savings has, in Mueller’s opinion, actually been a 
“bonus” over and above their original purpose of achieving better 
forgings and greater die life. 


‘dag’ 242 improves 
hole tapping operation 
at General Steel Wares’ 
Montreal Plant 


Hole-tapping operations at General 
Steel Wares, Ltd., Montreal, Quebec, 
have improved with the application 
of ‘dag’ 242 — a dispersion of mica 
in petroleum oil. So much so, in fact, 
that an annual savings of approxi- 
mately $8400 has been realized. The 
problem was this: broken spud 
threads during tapping operations 
on galvanized range boilers, caused 
a reject percentage of 27%. Fed to 
the tap as pictured below, the area 
of the boiler spud was subjected to 
high pressure and frictional heat. A 
proprietary type of water-soluble 
paste had previously been used. 


Mr. E. R. Hails, Works Manager at 
General Steel Wares, found, after 
detailed investigation of all com- 
ponents involved in the operation, 
that the lubricant was the key to 
greater efficiency and fewer rejects. 
‘dag’ 242 was recommended and put 
into use. Applied by brush to the tap 
and spuds, this material was imme- 
diately effective. The results speak 
for themselves; from an average 
life of 3000 spuds per tap, General 
Steel Wares now averages over 
14,000 per tap with ‘dag’ 242. 


Before threading range boiler holes, ‘dag’ 242 
is applied by brush to the tap and spuds. 


Perhaps you could be earning sim- 
ilar production economies by using 
one of the many fine Acheson Dis- 
persions tailored for metalworking 
use. For further information write 
for your copy of Bulletin 426 — For 
Metalworking Applications. Ad- 
dress Dept. MP-50. 


‘dag’, ‘Prodag’ are trademarks registered in the 
u's. Patent Office by Acheson industries, Inc. 


©) ACHESON Colitis Company PORT HURON, MICHIGAN 


A division of Acheson Industries, Inc. Also Acheson Industries (Europe) Ltd. and affiliates, London, England 
Offices in: 
Boston « Chicago Cleveland Dayton « DetroiteLos Angelese New York « Philadelphia Pittsburgh Rochester « St. Louis 
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Metals Engineering 


... Interpretative Reports of World-Wide Developments 


Symposium on 
Atmospheric Corrosion 


Digest of four educational lec- 
tures presented at the 14th Con- 
ference of the National Associ- 
ation of Corrosion Engineers, 
San Francisco, March 1958: 
published in Corrosion, Vol. 15, 
October 1959, p. 33-55. 


N THE FIRST PAPER, “Mechanisms 

‘ by Which Ferrous Metals Cor- 
rode in the Atmosphere”, C. P. Lar- 
rabee began by describing the fun- 
damental reactions. According to 
theory, ferrous metals corrode be- 
cause there is a large negative free 
energy difference (driving force) for 
the reaction of iron to form iron 
oxide. The electrochemical theory 
of corrosion requires a flow of elec- 
tric current from one part of the 
metal system (anode) to another 
part of the metal system (cathode). 
These electrodes must be in elec- 
trical contact with each other (as 
two areas on a single piece of metal) 
and joined by an electrolyte which 
can be water (as a film from rain, 
droplets from dew, or an absorbed 
film on a foreign particle). The 
driving force of this cell is the po- 
tential difference between the anode 
and the cathode. 

To complete the picture, elec- 
trons which are released when the 
metal goes into solution must travel 
through the metal part of the system 
to the cathode where, in atmospheric 
corrosion, they combine with oxygen 
to form water. The ferrous ions, 


formed at the anode, unite with the 
hydroxyl ions to form ferrous hy- 
droxide. Ferrous hydroxide, in the 
presence of air, soon becomes hy- 
drated ferric oxide, the familiar rust. 

Iron in air, when clean and dry, 
becomes coated with an_ invisible 
oxide film, but it does not rust. This 
film has protective qualities; how- 
ever, high humidity air containing 
small quantities of SO, will cause 
this iron to rust. 

When chromium is added to the 
iron (as to produce the stainless 
steels), the invisible surface films 
formed in air resist rusting in indus- 
trial atmospheres. Chlorides in the 
atmosphere will destroy the protec- 
tive qualities of these films. Con- 


Fig. 1— Effect of Marine 
and Industrial Atmospheres 
on Carbon and Copper-Bear- 
ing Steels. Plates, 48 sq.in. 
in area, were used in these 
tests; “800-ft. lot” refers 


to distance from shoreline 
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centration of the chloride is impor- 
tant; for example, specimens of 
stainless steel located 80 ft. from the 
seashore become badly stained in 
three ‘years while those located 800 
ft. from the seashore are spotless 
after the same exposure period. 
Sodium chloride and oxides of sul- 
phur are the common pollutants of 
the atmosphere which cause iron to 
rust. Depending on the concentra- 
tion of these pollutants and the com- 
positions of the steels, the iron oxide 
which forms is more or less protec- 
tive. That is, the rust may form 


Fig. 2 — Effect of Rural and 
Industrial Atmospheres on 
Lead and Zinc. While indus- 
trial atmospheres corrode 
zine more than rural atmos- 
pheres, the resistance of lead 
is slightly improved. This is 
because a tenacious film of 
lead sulphate forms on lead 


in an industrial atmosphere 
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WHO FORGES THE TOUGH ONES?...and 
machines and chrome plates them, too? 


In producing the actuator cylinders shown above, we tough job, from beginning to end, all at a single 
melted the steel, forged and precision machined the responsible source. 

cylinders, and then chrome plated the bore to provide 
a wear-resistant surface. National Forge did the entire 
job—including final honing to an 8 RMS finish toler- 


ance +.001. Our extensive chrome plating work, a NATIONAL 
specialty of the National Forge Company, made it pos- FORGE comeany 


sible to complete the unusual requirements in this IRVINE, WARREN COUNTY, PA. 


If you have an unusually tough forging, machining, 
or finishing job—call National Forge. 


For more information on “the tough ones,”’ and the machinery that makes them ‘‘best"’—write for Bulletin NFO. 
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any surface temperature with 


pyrocon 


Equipment...material...metallic or non-metallic...flat, curved... 
revolving or stationary—you can read every surface temperature 
accurately in less than 3 seconds! 

Compact in size, complete in precision design and workmanship, 
this rugged instrument assures the highest standards of speed, 
accuracy and dependability. Heavy-duty, shock-resisting movement 
is housed in a balanced unit that is easy to handle...reaches any 
point. 

Alnor Portable Pyrocons come in scale ranges to 2000° F., with 
thermocouples for every application. You'll find full details on the 
Pyrocon exactly suited to your operations in Bulletin 4257. 
Write: Alnor, Room 523, 420 N. LaSalle St., Chicago 10, Ill. 


Precision Instruments for 
Accurate Measurement of 
Temperature, Air Velocity 
and Dew Points. 
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Corrosion .. . 


rapidly at first, but slow down with 
time. In the absence of chlorides 
and sulphates, the amount of rusting 
is insignificant and that which does 
form is protective. 

Compositions of the steel are im- 
portant in that small quantities of 
elements present may have a great 
influence on the protective nature 
of the corrosive product. A good ex- 
ample of this is that small quantities 
of copper in some steels greatly im- 
prove their resistance to atmospheric 
corrosion, 


Nonferrous Metals 


Theories concerning the corrosion 
of nonferrous metals were covered 
in the paper by P. M. Aziz and H. P. 
Godard, “Mechanism by Which 
Nonferrous Metals Corrode in the 
Atmosphere”. 

As with ferrous metals, moisture 
and certain pollutants of the atmos- 
phere also control the corrosion of 
nonferrous metals. Atmospheric wa- 
ter vapor, rain, dew, or mist form the 
liquid film on such metals. Sulphur 
dioxide, present in industrial atmos- 
pheres, can then react to form sul- 
phuric acid in the liquid film, and 
corrode the metal surface. Metals 
such as zinc and magnesium are sub- 
ject to corrosion by carbon dioxide 
from the atmosphere which enters 
the liquid film. Airborne salt is an- 
other corrosive agent. Again, as 
with iron, moisture content of the 
air is important. The effect of rain 
is complex since it can either in- 
crease or decrease the corrosion on 
different metals. Wind, sun, and 
temperature also can play important 
roles in determining how long a sur- 
face remains wet and thereby control 
the corrosive condition. 

Nickel corrodes as a result of 
simultaneous presence of sulphur di- 
oxide and water vapor when the rel- 
ative humidity is above 70%, the 
critical value. The reaction involves 
sulphuric acid as described above; 
nickel sulphate is produced and fi- 
nally basic sulphate results. Rain 
is beneficial, washing away these hy- 
groscopic corrosion products. 

Like nickel, copper is subject to 
corrosive attack when the relative 
humidity is above 63%. Again, the 
final corrosion product is a basic sul- 
phate. This basic sulphate, which 
contains basic carbonate or basic 
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Looks like any other seventy-two inch steel ingot 
—but is it? Trained down to fighting weight, it is 
a twenty ton sailor aboard an oil tanker... a 
ship’s shaft to turn propellers against the heavy 
seas of the North Atlantic. Its ‘‘trainers” . 

experts in forging, heat treating, machining .. . 
men of long experience in quality control care- 
fully check every step of the way to make sure 


it holds its ‘‘rating’”’ in the ship’s company. Steel 
forgings and castings for naval and maritime 
fleets are completed here from raw materials 
to shipping dock . . . have been for over three 
quarters of a century. Another of the many im- 
portant reasons you can consult with us on your 
Steel Forging and your Steel Casting Compon- 
ents with full confidence. 


RIE FORGE & STEEL CORPORATION 


PENNSYLVANIA 
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NINE 
NEW ONES 
FROM CVC 


Capacities: 7, 13, 21, 27, 41, 
53, 80, 106 and 132 cfm. 
Weights: 135 to 825 lbs. 
Floor Area: 338 to 676 sq. 
inches—from to small- 
er than pumps of compara- 
ble capacity. 

Unique air valve suppres- 
sion port and dynamic bal- 
ance of piston drive assem- 
bly eliminate pump clatter 
and vibration. 

Choice of single stage oper- 
ation for lower ultimates (to 
2x10"*mm Hg) or parallel 
stage operation for 1% 
times greater capacity (with 
ultimates to 2x10-*mm Hg). 
A completely enclosed, air- 
cooled unit. Equipped for 
220/440V operation. 


VACUUM PUMPS 


WHISPER- QUIET, 


VIBRATIONLESS: 


MECHANICAL 


CVC cuts out the clatter. Now you 
can pump at highest speeds and low- 
est ultimates—to 2x10°mm Hg—and 
still hear a whisper across the room. 


The same revolutionary design fea- 
tures that keep these pumps quiet 
keep them free from vibration, too. 
Little need for flexible connections. 
And no need for water lines, since the 
pumps are all air-cooled. Easiest in- 
stallation you ever saw. 

There’s a size to fit your needs, at 
a price to fit your budget. We’d like 
to tell you more about them. Just 
write for Bulletin 8-15. 
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110 


Consolidated Vecuum Corporation 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS /BELL & HOWELL 


(FORMERLY ROCHESTER DIVISION) 
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chloride depending on atmospheric 
conditions, is the so-called “green 
patina” familiar to all. 

Zinc is subject to attack at relative 
humidities above 70%. It is at- 
tacked by acids at rates which de- 
crease with increasing pH. Insolu- 
ble basic salts form under certain 
conditions, and corrosion can be 
limited by a protective zine car- 
bonate film. 

Aluminum shows excellent. resist- 
ance to corrosion in the atmosphere 
because of the oxide film which 
forms. However, this film can be 
destroyed by acids that will form 
from gases such as sulphur dioxide 
or sulphur trioxide. With time, a 
new film of hydrated oxide and sul- 
phate of aluminum forms to stifle the 
corrosive action. 

Magnesium corrosion depends on 
water vapor and carbon dioxide from 
the atmosphere with the corrosion 
product being magnesium hydrox- 
ide. The hydroxide is believed to 
absorb carbon dioxide to form car- 
bonate which then reacts with sul- 
phur dioxide to form the sulphate. 


Testing in Atmospheres 


In atmospheric corrosion work, 
testing is often a long-term project. 
In fact, some tests run constantly, as 
was brought out by H. R. Copson in 
his talk on “Design and Interpreta- 
tion of Atmospheric Corrosion 
Tests”. Regardless of the material 
involved, field testing (the placing 
of convenient-sized test specimens 
outdoors) is the most widespread 
and probably the best method for 
obtaining information on atmos- 
pheric corrosion. Details as to 
where tests are made, how speci- 
mens are designed and mounted, 
how long the tests are continued, and 
how the results are evaluated all 
must be determined. 

Test locations are selected to in- 
clude different types of atmospheres: 
industrial, marine, rural, urban, sub- 
urban and tropical. Results vary 
greatly, depending on the type of 
atmosphere; also, conditions vary in 
the same location from year to year. 
These atmospheres cause different 
results on different metals. For ex- 
ample: nickel and Monel are very 
resistant to rural and marine atmos- 
pheres, but are attacked in severe 

(Continued on p. 158) 
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"can open 
because ¢ FINISH WELL * WEAR WEILL 
¢ ARE LOW IN COST 


These advantages enabled the manufac- 
turer to market the opener successfully in a 
highly competitive field where style, flawless 
finish and moderate cost are prime requisites. 


Industry's preference for zinc as a lent physical properties, close dimen- 
base for die castings is indicated by the sional tolerances and the wide variety 
fact that, normally, zinc alloys account of beautiful finishes which can only be 
for about two-thirds by weight of all attained with die castings based on 
die castings used annually. This is due 99.99+9% zinc. 
to ease of casting and finishing, excel- 


Die Casting is the Process...Zinc the Metal... 


BUNKER HILL 99.99 + % ZINC 


EASTERN SALES AGENTS | | 
ST. JOSEPH LEAD COMPANY, 250 PARK AVENUE, NEW YORK 17 oom 


SALES OFFICE FOR PACIFIC COAST 
THE BUNKER HILL CO., 660 MARKET ST., SAN FRANCISCO, CALIF. the Preferred Z. mi 
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THESE 13 SPECIAL ALLOYS FROM 
can help you solve design problems . . . 


As the result of the knowledge gained over the years by working closely with hundreds 
of customers in helping solve innumerable design and production problems, the Mueller 
Brass Co. has developed a series of special alloys for use in tough or unusual applications. 


This group of special alloys, each having distinct characteristics and advantages, are 
available in rod form in many sizes and shapes as well as forgings. 


CHARACTERISTICS AND APPLICATIONS 


ALLOY 
NO. 


TEMPER 


TUF-STUF® ALUMINUM BRONZES AND NICKEL ALU- 
MINUM BRONZES have great strength characteristics. 
All are more resistant to corrosion cracking under load 
then copper-zinc alloys and, in addition, some are 
heot-treatable. They can withstand heavy pounding 
ond have proved excellent for such parts as gibs, 
cams, valve seat inserts, shifting forks and propeller 
hub cones. 


“Tuf-Stuf" Aluminum Bronze 


“Tuf-Stuf” Aluminum Bronze 


BRINELL 
1000 KG load 
165 
BRINELL 
1000 KG load 
175 


“Tuf-Stuf" Aluminum Bronze 


BRINELL 
1000 KG load 
185 


“Tuf-Stuf" Aluminum Bronze 


BRINELL 
1000 KG load 
200 


“Tuf-Stuf” Nickel Aluminum Bronze 


BRINELL 
3000 KG load 
250 


ALUMINUM SILICON BRONZE is free turning; has high 
Strength, is corrosion resistant and non-magnetic and 
resistant to corrosion cracking under load. 


Aluminum Silicon Bronze 


ROCKWELL-B 
75 


600 SERIES® FORGEABLE BEARING ALLOYS range 
from high strength to low leaded ductile. All are 
corrosion resistant, free cutting, can be used with hard 
or soft mating members and can be soldered. They 
are employed in a great variety of applications ranging 
from pump gears and vaive stems to pinion shofts 
and transmission rings. 


Forgeable Bearing Alloy 


ROCKWELL-B 
88 


Forgeable Bearing Alloy 


ROCKWELL-B 
87 


Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
87 


High Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
86 


Low Leaded Forgeable Bearing Alloy 


ROCKWELL-B 
80 


MANGANESE BRONZE ALLOYS are exceptionally 
strong, tough, resistant to shock and corrosion. Good 
for screw machine products and forgings for aircraft 
parts. 


Manganese Bronze A 


ROCKWELL-B 
85 


Manganese B High Tensile Grade B 


BRINELL 
1000 KG load 
200 


TELLURIUM COPPER has very high electrical and 
thermal conductivity combined with good corrosion 
resistance and machinability. Excellent for electronic 
components. 


Tellurium Copper 


ROCKWELL-B 
45 


NOTE: The values shown are average values normally obtained in production. Variations must be expected 
in practice. The values should be used as a general guide rather than the basis for specifications. 


ONE DEPENDABLE SOURCE FOR 


COLD-PREST® IMPACT EXTRUSIONS 
SINTEEL” POWDERED METAL PARTS 


FORMED COPPER TUBE 


MUELLER BRASS CO. 
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THE MUELLER co. 


lower costs and improve your products 


Mueller Brass Co. engineers and metallurgists are always ready to assist in the selection of 
the proper alloy for your particular product. 
Regardless of your responsibility... design, specification, production or purchasing... Mueller 


Brass Co. special alloys can help you lower costs and improve your products. Call the “Man 
From Mueller Brass Co.” today and put these remarkable alloys to work on your toughest jobs. 


Yield Strength Tensile 
at 0.5% Extension Strength 
Lbs./Sq. In. Lbs./Sq. In. 


50,000 82,000 


HIGH STRENGTH FORGINGS 


For further information on these alloys 
write today for Special Alloys Kit No. 
13. Engineering information on other 
fabricated products is also available . . . 
please specify the manual you desire. 


ALL THESE QUALITY PRODUCTS 


CUSTOM EXTRUDED PLASTIC SHAPES 
SAND CASTINGS AND INJECTION MOLDINGS MADE IN USA 
IN US 
TO THE STANDARDS 


PORT HURON 28, MICHIGAN ~~ | 
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INTERNAL 


UNITCASTINGS provide answer 
for difficult parts problem! 


Again, Unitcast Foundry Engineering proved invaluable 
in producing this hydraulic valve body casting. 

Faced with the necessity of a durable, more compact unit, 
the customer investigated the advantages of cast steel. Firm 
specifications included small and irregular internal passages 
that were impossible to machine blind. Tolerances were close 
and exceptionally clean internal surfaces were a_ necessity. 
Shell cores, as illustrated, were used in a green sand mold. 
The system was streamlined and the more compact unit did 
not hamper the mechanism. Costs were reduced to a fraction 
of the alternate composite machined assembly. 

Unitcastings can possibly meet your unusual problems, 
too. Why not investigate today . . . call for a Unitcast Sales 
Engineer. 


UNITCAST CORPORATION, Toledo 9. Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 
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industrial atmospheres; zinc and lead 
are quite resistant to rural atmos- 
pheres, but of these only the zinc is 
affected by industrial atmospheres 
containing sulphur compounds. In 
some marine environments, nickel is 
more resistant than copper, but the 
picture reverses in some industrial 
atmospheres. Furthermore, alloying 
additions alter the cerrosion resist- 
ance of these materials. 

Mounting is important. The usual 
method is to mount 4 X 6-in. speci- 
mens between porcelain insulators 
and expose them at a 30° angle from 
the horizontal and facing south. 
Similar exposure racks should be 
used if results are to be compared. 
Sheltering from rain, sun, and the 
like must be considered just as the 
top and bottom sides of the speci- 


75 
75 


75 
a La Jolla 
7S 
3 State College 
D 65 Sandy Hoo 
| 
70! t 
New York 
5 60 
= 50 
E75 
= ] 
65 Altoona 
55 
455 5 10 15 20 25 


Time, Years 


Fig. 3—Effect of Rural 
and Industrial Atmosphere 
on Tensile Strength of Nickel 


mens and edges (particularly the 
low edge) represent important vari- 
able. The types of attack (pitting or 
general) vary. Attack is usually 
greatest at crevices. Often it is nec- 
essary to simulate actual service 
conditions to test effects of shelter, 
crevices, drainage areas, specimen 
size and shape, and other factors. 
Other studies involve galvanic cor- 
rosion, stress - corrosion cracking, 
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Feedlines for hungry horsepower... 


TubeXperience in Action 


diesel fuel injection tubing by Superior 


Fuel injection systems are the heart of thousands of diesel- 
powered trucks, locomotives, roadbuilding equipment, electric 
generators, and marine power plants. The tubing that conveys 
the fuel from injection pump to nozzle assembly is an im- 
portant component. It must resist the stresses of pressure and 
vibration, yet be ductile enough to be cold swaged and upset 
and be cold formed into loops and bends without excessive 
springback. It must have a clean ID, tremendous burst strength, 
and high fatigue resistance. Superior diesel fuel injection 
tubing is just such a premium product. 


Type C-1008 and Type MT-1010 carbon steel tubing are most 
commonly specified for this application, but alloy and stain- 
less steel tubing for pressures above 9000 psi and greater cor- 
rosion resistance is available. Superior also makes tubing for 
many other applications—supplies both general and special 
purpose tubing for aircraft, missiles, electrical, electronic, 


chemical, hydraulic, dairy and nuclear, to name a few. For 
complete information, write Superior Tube Company, 2008 
Germantown Ave., Norristown, Pa. 


SOME REASONS WHY SUPERIOR FUEL INJECTION 
TUBING IS A PREMIUM PRODUCT 


e It will handle pressures to 9000 psi, is hydrostatically tested 
to various pressures according to specification 


It is cold drawn, dead soft annealed, and seamless 
It is ID conditioned to remove fissures and other defects 


e It is free from ID radial cracks deeper than .005 in. or 5% 
of wall thickness, whichever is less 


e It is annealed at finish in controlled atmosphere furnaces 
to produce a soft, ductile and scalefree material 


e Fracture tests are performed when requested 


Syoerrar 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2V, in. OD 


MAY 1960 


West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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For the best in pressure spray washing 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN « OVER 160 MATERIALS 


Even the highest spray washer pressures 
won’t foam Oakite 161 alkaline detergent 


Turn on the highest pressures to speed cleaning—you won't 
get any foaming problems with Oakite 161. Nor any etching 
problems, either. This alkaline detergent is specially de- 
signed for safe pressure spray washing of any metal— 
aluminum, white metals, brass, steel. 

And it does a thorough job. Oakite 161 blasts off identi- 
fication inks, grease, oil and shop soils . . . gives a completely 
clean surface for inspection or final finishing. Costly? Not 
at all. Extra long solution life and low concentrations assure 
low per-unit production costs. 

One of a complete line of Oakite products for spray 
washers, Oakite 161 is complemented by heavy-duty solvent 
cleaners, moderate to light-duty alkaline materials. Ask the 
Oakite man to help you make the choice that’s right for your 
washer... right for your products. Or send for Bulletin 
F-9773. Oakite Products, Inc., 24 Rector Street, New York 
6, N. Y. 


it PAYS to ask Oakite 


OAKITE. 


‘years’ leadership in industrial cleaning 
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abrasion, and protective coatings. 

Reproducibility of tests is also 
checked. Weather conditions at the 
start of a test may have a great ef- 
fect on the test results. One method 
to check data is to determine weight 
loss curves on specimens started on 
different dates. Control panels are 
often used each time a test is started 
to check the initial corrosion condi- 
tions for that period. Statistical con- 
siderations are also involved. The 
number of specimens depends on the 
nature and purpose of the test. 

The duration of a test is very im- 
portant since many materials may 
show a relatively high rate at first, 
but protective corrosion products 
may then largely restrict further at- 
tack. This is common for highly 
alloyed steels. Many of the impor- 
tant effects may not be obvious in 
the first year or so. Therefore, at- 
mospheric corrosion tests run for as 
long as 10 to 20 years, some even 
longer. Except for special situa- 
tions, there are no accelerated tests 
for outdoor atmospheric exposure. 

Evaluation methods of test results 
should be worked out before the 
testing program so as to design the 
experiments properly. These meth- 
ods may involve appearance ratings, 
weight losses, pit depths, and losses 
in strength, all of which would de- 
pend on the purpose of the particu- 
lar tests. For example, appearance 
is of prime importance in decorative 
surfaces. Weight changes are read- 
ily made without destroying the test 
specimens. In some instances elec- 
trical resistance can be used _ to 
measure corrosion of wire or strip 
specimens. When pitting is encoun- 
tered, pit depth must be determined. 
In all instances, analyses of corro- 
sion products provides valuable in- 
formation on the corrosion process. 
Tensile strength and pit depth are 
generally evaluated on aluminum 
alloys. By coupling all of the meas- 
urements and observations, a rather 
complete story may be obtained. 
Due to the time involved in running 
a test, one should evaluate the 
results as completely as possible — 
20 years is a long time to wait for 
another specimen if an important 
measurement is neglected. 

The last paper in this educational 
series was “Deterioration of Materi- 
als in Polluted Atmospheres”. John 
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with this Salem-Brosius Continuous 
automatic cycle annealing furnace 


Salem-Brosius cycle annealing and other heat treat- 
ing furnaces are engineered to conform to your most 
exacting product specifications. Wide range heating 
and cooling cycles can be varied quickly and pro- 
grammed positively—with a single operator—per- 
mitting you to handle a range of heat treating jobs 
with a single furnace. Such furnaces are built for 
continuous operation or as batch types, with con- 
ventional firing or controlled atmospheres. Your re- 


TEMPERATURE. °F 


PITTSBURGH, PENNSYLVANIA 


quirements govern design. 

Both in the United States and abroad, Salem- 
Brosius is recognized for its outstanding design and 
construction of industrial furnaces—furnaces that 
yield maximum high-quality output at minimum 
capital, operating and maintenance costs. 

When you need heating or heat treating furnaces, 
check with Salem-Brosius for advanced design and 
common-sense construction. 
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E. Yokum, the author, described the 
effects of specific atmospheric pol- 
lutants on nonmetallic materials. Air 
pollution conditions vary from sim- 
ple single pollutants to complex 
situations involving many pollutants. 
Topography and wind movement 
have a great influence on the con- 
centration of the pollutants. 

For example, sulphur dioxide and 


sulphur trioxide can attack carbon- 
ate-containing building materials 
such as limestone, slate, marble, and 
mortar. Leather, paper, textiles 
(such as cotton, wool, nylon) are 
damaged. Carbon dioxide can be 
responsible for the deterioration of 
carbonate-containing materials such 
as limestone. Hydrogen sulphide 
affects lead-containing paints. Hy- 
drogen fluoride is an extremely dan- 
gerous and corrosive gas. It attacks 
many metals, glass or enamels. 


THE NATION'S LARGEST MA 


NUFACTURER 


OF PACKAGED GAS GENERATOR SYSTEMS 


Performance Plus ftor-saving com- 
pactness, trouble-free maintenance and “minute 
man” service. That’s what you get when you 
specify Gas Atmospheres Packaged Gas Genera- 


tion Systems. 


You get full capacity and the dryness and purity 
you specified in quality-built packaged units that 
are set on a common base and completely factory 
tested prior to shipment. And, you can rely on 
the best factory trained service team in the busi- 
ness whenever your operation calls for it. 

It’s this kind of customer service that has made 
Gas Atmospheres Packaged Generators the most 
popular units working today. Gas Atmospheres 
makes a complete line of Packaged Generators 
for inert, CO2, nitrogen, hydrogen, reducing and 
annealing gases. Literature available. Write Gas 
Atmospheres, Inc., 20011 Lake Road, Cleveland, O. 
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Smogs having high ozone levels are 
associated with severe deterioration 
problems. Rubber, elastomers, tex- 
tiles and dyes fall in this group. 

Solid particles vary in identity and 
may deposit on surfaces with little 
or severe damage resulting depend- 
ing on the reactivity of the substance 
in its environment and the material 
on which it is deposited. Corrosion 
damage to automobiles is a good in- 
dication of the corrosiveness of the 
atmosphere. Finally, moisture and 
humidity play a major role. 

F. H. Beck 


Vapor-Degreasing . . . 
(Continued from p. 96) 


ing jobs require individual study and 
analysis if the best method is to be 
chosen. This means that one can- 
not give specific answers which ap- 
ply to a wide variety of degreasing 
problems. However, some of the 
better recognized and more gener- 
ally applied good practices that min- 
imize or eliminate plant troubles can 
be presented. 

First of all, stay within the operat- 
ing limits of your equipment. If a 
particular solvent is specified for a 
vapor degreaser, only that solvent 
should be used. Before making ma- 
jor changes in a cleaning operation, 
check with a qualified equipment or 
solvent supplier for recommenda- 
tions. Where operating temperature 
is specified or limited, it should not 
be exceeded. 

Do not neglect maintenance. All 
equipment requires attention, and 
degreasers are no exception. Safety 
control instruments on degreasers 
are essential, too. They must be 
properly installed and periodically 
checked. If an exhaust system is re- 
quired, it must be properly designed 
and installed, or it may create rather 
than solve a problem. It is also im- 
portant that the people who operate 
and maintain degreaser equipment 
be adequately informed and trained. 
Free instruction on solvents and 
equipment can be obtained from 
suppliers of these items. 

Avoid introducing strong mineral 
acids, alkalis, oxidizing agents or 
cyanides into degreasing solvent. 
They may react with or degrade the 
solvent. Acids can also cause cor- 
rosion of equipment and parts. Sol- 
vents which react with water (hy- 


METAL PROGRESS 


| 
4 
} 
3 
i 
as inc. 
| 
it: 
ai 
162 
4 
; 


4 
= 
= 
= 


Columbium flat-rolled steels 


Do you need a steel, to use in the “as rolled” condition? Or a steel which 
has high strength, good weldability, good formability? 

More and more manufacturers are turning to columbium flat-rolled steel 
products, for columbium sheet, strip or plate gives an answer to all of these 
requirements. 

Here are just a few examples of columbium steel’s wide versatility. Line 
pipe for gas and oil offers ease of manufacture with excellent physical 
strength. Trucks, automobiles, farm implements, trailers and railroad cars 
take advantage of strength and ease of formability. Pressure vessels utilize 
the deep-drawing qualities of the steel. These applications and many others 
tell the story of columbium steel’s versatility—and all with fewer rejects. 

In the face of mounting manufacturing costs, columbium steels offer hope 
of effecting economies in producing your products. Ask any steel company 
for they can make it. Or ask us—we have a wide experience in its uses and 
knowledge of its manufacture. 


MOLYBDENUM 


2 Gateway Center CORPORATION OF AMERICA Pittsburgh 22, Pa. 
Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco ‘ 


Soles Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 


Subsidiory: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 
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Vapor-Degreasing . . . 


drolyze) require special care and 
equipment design. During opera- 
tion, the solvent should be checked 
by one or more simple control tests, 
such as pH measurement or titration 
for acidity or alkalinity (Table IT, 
p. 95). Changes in properties of 
solvents can be expected during use 
even though parts are being satis- 
factorily cleaned. However, any 
marked change from the value 
shown for a new solvent should be 
investigated. 

The most expensive item in vapor 
degreasing is the solvent cost, 
whereas in aqueous cleaning, chem- 
icals average only 20% of the total 
cost. Thus, a cursory analysis of 
cleaning expense on the basis of 
chemicals alone is very misleading. 
It does not take into consideration 
water, power, steam, gas, sewage, 
maintenance and other miscellaneous 
expenses that are often charged off 
to other departments in the plant 
despite the fact that they are very 
real costs of cleaning. Management 
is interested in true operating ex- 
pense of each operation in a plant. 
Therefore, cleaning costs must be 
evaluated on this basis. 

Table Ill, p. 96, compares ex- 
penses of aqueous and solvent de- 
greasing in a job for which both 
methods have proved satisfactory. 
In this instance solvent degreasing 
offers substantial cost savings. A 
less obvious advantage is that of 
water disposal. Water leaving the 
degreaser is uncontaminated and can 
be used in other operations; disposal 
of emulsion is to a sewer. Antipollu- 
tion treatments would mean addi- 
tional costs. 

Another potential saving occurs 
if the parts must be absolutely dry. 
Blowoff in the washer cycle removes 
most but not all water from the 
parts whereas vapor degreasing 
leaves them completely dry. S 


Cold Extrusion . . . 
(Continued from p. 124) 


from 1 to 5 in., and lengths up to 
several feet are feasible. 

Recent developments in nuclear 
power-plant technology have cre- 
ated a substantial need for thin- 
walled tubes of columbium and tan- 


talum. These metals work very read- 
ily by normal cold tube-reducing 
and drawing processes. One diffi- 
culty, however, has been to obtain 
tube blanks of reasonable cost. Cold 
extrusion has proved to be the an- 
swer to this problem. Extremely 
coarse-grained cast slugs melted in 
electron beam furnaces have been 
successfully extruded with excellent 
surface finish and fine-grained struc- 
tures. Mechanical properties of cold 
extruded columbium tube blanks are 
64,400 psi. tensile, 62,200 psi. yield 
and 9% elongation. For tantalum 
these are, respectively, 100,300 psi., 
86,400 psi. and 12%. 

Quite recently tube blanks of 
vanadium and beryllium have been 
cold extruded. The beryllium slugs 
were sintered powder compacts. 
They extruded well into precision 
tubes with excellent surfaces and 
mechanical properties, 

Tube blanks from pure vanadium 
have also been cold extruded from 
cast and forged slugs. When an- 
nealed, the blanks can be drawn 
into thin-walled tubes. S$ 


Selecting Metals . . . 


(Continued from p. 88) 


a blister on the steel surface or to 
crack it internally. The lower qual- 
ity steels have more inclusion string- 
ers and are more prone to develop 
blisters than high-quality steels. 
Appearance of a steel vessel affected 
by hydrogen blistering is shown in 
Fig. 8 on p. 88. 

Attack of this type is quite rare; 
it is found principally in gas treating 
plants where large amounts of 
hydrogen sulphide are present. The 
problem is ordinarily handled by 
chemical methods by changing the 
composition of the components 
which develop atomic hydrogen. 
Occasionally, it has been advisable 
to install a sacrificial steel liner in- 
side a pressure vessel. Blistering 
occurs on the liner without damag- 
ing the outer shell. 


Galvanic Corrosion 


Galvanic corrosion is the prefer- 
ential corrosion of a metal in an 
electrolyte when potential differ- 
ences exist between the metal and 
some other substance. Corrosion 
occurs on the surface which is the 
most anodic. The greatest source of 
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Operator. 


Your J&L stainless steel distributor 
can serve you better because J&L 
serves him better, backing him with 
the full facilities of J&L’s Stainless and 
Strip Division. 

Your J&L distributor can reduce 
your costs by providing a complete 
range of pre-production services, and 
doing it economically! He can save 
you the capital investment required 
to maintain long term inventories; he 
can help you eliminate the costs of 
overhead connected with stocking, 
accounting, and the inevitable losses 
incurred through waste and obsoles- 
cence due to specification changes. 

Technical assistance in solving pro- 
duction problems is also available 
from your J&L distributor... when 
those problems are connected with an 
application using stainless steel, J&L’s 
own staff of technical specialists will 
promptly answer your distributor's 
call for additional help. 

Even when advanced research is 
required you can call on your J&L dis- 
tributor in confidence. He will be 
happy to discuss your problem be- 
cause he knows he is backed by one of 
the world’s most respected teams of 
metallurgists —J&L’s own staff in lab- 
oratories at Detroit and the famous 
Graham Research Laboratories at 
Pittsburgh. 

Your J&L distributor is as near as 
your telephone. Call Western Union 
Operator 25 for the name of your J&L 
distributor of Consistent Quality 
stainless steel. 


J&L —a leading prod of staini stee/ 
and precision cold rolled strip stee/s 


STAINLESS 


SHEET ¢ STRIP BAR WIRE 
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aii types move trom sour 
to point of use via J& Consistent 
stainless steel pump shafts 


Staintéss Steel 


s1 and STRIP DIVISION « DETROIT 34 


Call Western Union by numbe : 
for the iearest source of Consistent 
Jones & Laughlin Steel Co 


PRE-FORMED 


TRADE MARK 


are now easier to.. 


A corrugated carton and 
_ sleeve plus a non-shatterin 
Clear plastic box make up 
new packaging for 
“National” pre-formed electrodes. 


This packaging is designed 
to hold the electrodes firmly 
while in transit. Also, the 

plastic boxes permit easier | — 
handling and labels are Se 
color-coded to simplify 
product identity. 
The plastic boxes—packed 
five to a corrugated carton — 
_—are available in three sizes, 
and each is accompanied by a 
_ NATIONAL CARBON statement 
purity. For details, write 
National Carbon Company, 
Division of Union Carbide © 


_ Union Carbide Canada 
Limited, 


NATIONAL CARBON UNION 
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Undersea nest for a talented metal bird 


This is the firing tube of the Navy’s Polaris missile, made by Consolidated 
Welding and Engineering Company, Chicago, Ill. Every weld must be flawless. 
To make sure, more than 100 radiographs are made on each assembly. 


Made of HY-80 plate with monel 
inserts, this firing tube presents 
difficult problems in welding dis- 
similar metals. But radiography, 
with Kodak Industrial X-ray Film, 
Type AA, checks the entire 
assembly for discontinuities. 
Radiography provides the 
means of “seeing” internal con- 
ditions and supplies a lasting 


record of what is seen. It gives’ 


producers of welded products and 
of castings a means of making 
sure only high-quality work is 
delivered. 

Would you like to know how 
radiography can help you ? See 
an x-ray dealer or write us to have 
a Kodak Technical Representa- 
tive call. 


EASTMAN KODAK COMPANY 
X-ray Division, Rochester 4, N. Y. 


Radiograph of weld on missile firing tube. 


MAY 1960 
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Read what Kodak Industrial 
X-ray Film, Type AA, does for you: 


¢ Speeds up radiographic examinations. 

¢ Gives increased detail visibility and 
easy readability at all energy ranges 
... because of high film contrast. 

¢ Provides excellent uniformity. 

¢ Reduces the possibility of pressure 
desensitization under shop conditions. 


odak 
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trouble is on underground piping 
and the lower surface of storage 
tanks. In these spots, different soils 
set up electrical potential differences 
which create selective corrosion of 
the steel. This problem is handled 
by wrapping of pipe with asphaltic 
materials or cathodic protection. 
Sometimes both are required. Tank- 


age should be designed with good 


drainage to prevent accumulation of 
water on the under side. 

Intergranular Corrosion — Austen- 
itic stainless steel which has been 
sensitized is subject to galvanic attack 
of its grain boundaries. Sensitization 
results when stainless steel of the 
18-8 Cr-Ni type is heated in the 
range of 800 and 1600° F. This pro- 
duces an intergranular precipitate of 
chromium carbide which depletes 
the adjacent grain boundary area of 
chromium. 


Frequently, our customers’ alloy castings 
requirements are so exacting that 
metallographs must be used as “go” and “no 


go” gages. Usually, the production needed 


is high. Always, the tolerances are close. 


To cope with such problems, the ECI staff 
shows an uncommonly high ratio of 


professionals and specialists. It is actually 
1 in 5 (the average for foundries would 


be several times lower). Among them are a 


mathematician and statistical analyst as 


well as metallurgists, mechanical engineers, 


and engineers of other special fields. 


One in every 5—with total staff and factory 
payroll less than 200. If skill, know- 
how, and meticulous care can protect 


your castings procurement, it will pay you 
to scrutinize ECI. 


MAKERS OF QUALITY 
CASTINGS FOR imMPOR- 
TANT COMPONENTS IN 
THE AUTOMOTIVE, AiIR- 
CRAFT, HYDRAULIC, 
AND SPECIAL MACHINE 
INDUSTRIES. 
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ENGINEERING CASTINGS, INC. 


MARSHAL, MICHIGAN 


This phenomenon is well known 
in the chemical industry, and to pre- 
vent it the stabilized grades, Types 
321, 347 or 304L, are required in 
critical services. Type 304 is used 
only in noncritical services or in 
furnace piping where the metal is 
not exposed to aqueous environ- 
ments. In the latter instance, care 
is taken during shutdown periods 
to insure that the temperature in 
the furnace does not drop below the 
dew point. However, failure of Type 
304 by intergranular corrosion has 
been caused by condensed flue gases 
containing SO,. 

Intergranular corrosion is not con- 
fined to stainless steel. It can also 
occur in Hastelloy B in chloride 
service and to nickel in glycerine- 
organic chloride mixtures at high 
temperatures. 

Groove corrosion is galvanic cor- 
rosion which preferentially attacks 
heat-affected areas of steel equip- 
ment when exposed in certain cor- 
rosive media. When steel is heated, 
as in welding, a narrow band of a 
spheroidized structure is formed ad- 
jacent to the weld. In certain elec- 
trolytes, this zone is anodic to the 
parent metal and a high localized 
rate of attack occurs. Appearance of 
these grooves in a welded steel elbow 
which had been handling strong sul- 
phuric acid is shown in the photo- 
graph on p. 134 (Fig. 9). Grooving 
corrosion has also been noted in 
plants handling strong caustic, fur- 
fural, and hot phenol. 

The remedy is to normalize the 
parts after welding. This treatment 
reabsorbs the sensitive area and the 
entire piece is uniform in structure. 

Dezincification is a type of gal- 
vanic corrosion in brasses containing 
more than 15% zinc. In the presence 
of an electrolyte, dezincification is 
created by the alloy going into solu- 
tion followed by a redeposition of 
porous copper which has very little 
mechanical strength. There are 
three types of dezincification — in- 
tergranular, layer and plug. The 
latter is the most serious. 

Dezincification is most common in 
brass condenser tubes when exposed 
to water services. The problem is 
controlled largely by the addition of 
inhibitors, such as arsenic, phospho- 
rus or antimony, in small amounts 
to admiralty brass. Cooling tower 
hardware is subject to this attack 
and care should be taken to install 
(Continued on p. 172) 
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Superex is easily combined with other insulations such as Johns-Manville 
Thermobestos®, J-M 85% Magnesia or J-M Insulating Fire Brick. 


Only Johns-Manville Superex insulation 
performs 3 ways better at high temperature! 


Few industrial products are so outstand- 
ingly superior, or so widely used in their 
area of application, as Johns-Manville 
Superex® Insulation. 

A block insulation formulated of diato- 
maceous silica and asbestos for furnace 
and other applications, Johns-Manville 
Superex brings many advantages to high- 
temperature service—each contributing 
to reduced construction, maintenance 
and operating costs. 

Superex is installed with measurable 
savings in time and labor! It is easy to 
cut and handle. . . weighs only 2 lbs. per 
sq. ft. per inch thickness . . . available in 


a wide variety of large block shapes and 
sizes. At high temperature—the mate- 
rial’s excellent insulating value, thermal 
stability and resistance to shrinkage keep 
fuel costs low. Equally important—Su- 
perex saves on maintenance, too... 
easily withstands the daily abuse of nor- 
mal service. 

Send for your copy of IN-190A, the 
12-page design and technical data bro- 
chure. It lists suggested applications— 
gives complete heat transmission tables 
and performance data. Write for it today. 
Address Johns-Manville, Box 14, N.Y. 
16, N.Y. In Canada, Port Credit, Ont. 


Saves waste. Superex comes in 7 
standard thicknesses from 1” to 4’’, 
Other sizes available on order. 


JOHNS-MANVILLE JM 


MAY 1960 
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Carl Sundberg and Montgomery Ferar 
joined fortunes in 1934 and since have 
had a great influence on improving 
the design of mass-produced consumer 
and industrial products. 

One of the largest of the nation’s 
recognized design firms, they have put 
their talents to work on hundreds of 
nationally known products ranging from 

pencil clips to heavy-duty motor trucks 

and electronic computers. Recognized 

leaders in the design cf electrical appliances, 

i they are permanently retained 
by many of America’s best known 
4 appliance manufacturers. 


Sundberg-Ferar 
designs a unique, 


portable kitchen caddy with wonderful...@ 


@ Sharonart® is truly the designer’s metal. 
Evidence of this fact is this modern kitchen 
caddy designed in Sharonart® by Sundberg- 
Ferar, one of the oldest, largest and most 
successful industrial design firms in the United 
States. 

The portable caddy permits complete cook- 
ing facilities anywhere inside or outside of the 
home. To make sure it would be able to absorb 
the punishment of daily use, yet stay bright 
and clean,Sundberg-Ferar designed the cabinet 
and working areas in patterns of Sharonart” 
Stainless. Wood grain Sharonart® steel panels 
at each end give the furniture-look that blends 
with other home furnishings. 

The textured beauty of Sharonart® can be 
produced in an almost limitless number of 
patterns. This permits easy model changing. 
It’s easy to clean and will not show wear. It 
can be painted, plated, or vinyl coated with 
beautiful results. Is it any wonder that more 
and more of the leading designers are turning 
to modern Sharonart® for modern product 
design? Sharon Steel Corporation, Sharon, Pa. 


About the portable kitchen caddy: This is a design only, 
produced to show the tremendous utility of Sharonart”. 
All the seemingly built-in utensils are self-energized, 
and can be plugged into any electrical outlet as well as 
being used with the caddy itself. The rotisserie has 
vertical elements that can be moved closer together for 
the smokeless vertical broiling of steaks. All utensils are 
removable and can be used at the dinner table for gourmet 
cooking. Plenty of workspace is provided for complete 
meal preparation right at the caddy. 


. 
— 
—. 
: ~ — 
Ss. 
~ 


>~ 


SHARON 
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NOW SPERRY OFFERS ALL THREE 
Nondestructive Testing Techniques 


Now, added to the Sperry Products line of ultrasonic test instruments and systems, are 
Triplett & Barton portable industrial X-ray and Peterson Sonoflux*magnetic particle 
test equipment. The combination of all three provides Sperry with the most versatile 
range of nondestructive testing devices and techniques available from one source. 


SPERRY 
Ultrasonic Testing 


Sperry Products, the pioneer in ultrasonic testing, continues to stay 
ahead of the parade with newly developed systems and techniques 
— such as this SIMAC inspection system developed for Chrysler 
Corporation which automatically tests sheet steel for flaws at speed 
in excess of 400 feet per minute. 


TRIPLETT & BARTON 
Industrial X-ray 


Triplett & Barton portable X-ray is unmatched for proven utility 
and heavy-duty performance — the real answer to your laboratory, 
production and field problems. Here the lightweight head (65 lbs.) 
of a 275 KV model is being positioned to inspect a weld in an air- 
liner landing gear strut. 


SONOFLUX 
Magnetic Particle Systems 

SONOFLUX brings to Sperry a complete new line of magnetic 
particle inspection equipment, both standard and special order, as 


well as services and a full line of supplies. Here a crankshaft is 
being checked for fatigue and stress cracks at the overhaul plant of 


an engine re-builder. 


Call on your Sperry Sales Engineer. He is fully prepared to 
evaluate your quality control problem and recommend the 
most efficient nondestructive test system for you. 


aoe See Sperry’s full line of nondestructive testing equipment at the Southwest Metal Show, Dallas. 


INDUSTRIAL X-RAY 


MAGNETIC PARTICLE 


ULTRASONIC TESTING 


Products Company 


DIVISION OF HOWE SOUND COMPANY 
505 Shelter Rock Road, Danbury, Connecticut 
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A design of the 
A. F. Holden Co.,) 
Detroit, Mich. 


Castings that Keep their 
Load-Carrying Strength 
at High Temperatures 


This “immersion type radiant heater” is typical of the high 
reliability castings turned out by DURALOY. Centrifugally cast 
tubes with UNIFORM wall thickness...for longest service life. 
Static cast collars and shell molded bends. ..typical of 
DURALOY versatility. 


For your high alloy casting requirements check with DURALOY... 
our long experience, ultra-modern foundry and up-to-the-minute 
test equipment will be helpful in solving your problems. 

For more information ask for Bulletin No. 3150 G. 


EASTERN OFFICE: {2 East 4ist Street, New York 17, N. Y. 
CHICAGO OFFICE: 332 South Michigan Avenue 


DETROIT OF FICE: 23906 Woodward Ave., Pleasant Ridge, Mich. 
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red brass or silicon bronze, which 
are not subject to dezincification. 

Under the combined effects of suf- 
ficient residual tensile stress and ex- 
posure to a critical corrosive environ- 
ment, almost any metal can be made 
to fail by stress-corrosion cracking. 
Corrosion in this instance, as meas- 
ured by loss in dimensions, is usually 
negligible. Chloride solutions are the 
worst offenders in promoting stress- 
corrosion cracking of stainless steel. 
Caustic and nitrate solutions will 
crack steel if concentrations and 
temperatures are critical. Mercury 
and ammonia will readily crack 
strained brass. 

The mechanism of stress-corrosion 
cracking involves a complicated se- 
quence of corrosion and fracture. It 
has been shown that fine pitting is 
needed to start the activity. The pit 
initiates a mechanical crack at a right 
angle to the maximum strain, which 
progresses until the material fails 
completely. A brass tube which has 
failed as a result of stress-corrosion 
cracking is shown in Fig. 10 (p. 
134). 

To avoid stress-corrosion cracking, 
the present practices are to stress- 
relieve the equipment by thermal 
treatment or to use a material which 
is not subject to cracking in the par- 
ticular environment. Data obtained 
from exposure of stressed specimens 
to the pilot-plant streams are used 
as criteria for specifying stress-re- 
lieving treatments. Due to the wide 
use of sodium hydroxide, much ex- 
perience has been gained and pre- 
dictions can be made as to the criti- 
cal area where stress-corrosion crack- 
ing (known as caustic embrittle- 
ment) will occur, and appropriate 
stress-relieving can be specified. 

Corrosion fatigue may be encoun- 
tered when equipment such as con- 
denser tubes is vibrating in the pres- 
ence of a pitting type of corrosion. 
A crack starts at the base of a small 
pit and proceeds in a straight path 
similar to ordinary fatigue, Vibra- 
tion prevention or use of a more re- 
sistant metal is the usual cure. 

The chemical industry is restricted 
by a narrow zone of temperature 
where present materials can operate. 
The limit for commercially available 
metals is between —450°F. and 
about 2000° F. Linings of nonme- 
tallics may extend the upper limit by 
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LOOK 
FOR THE 
DIAMONDS-—siGN 
OF FINISHING 
QUALITY 


“f= 4 good reasons 
wid ir. you should use 
TIRIDITE) 
Chromate 
Conversion Coatings 


u ON YOUR ZINC OR CADMIUM PRODUCTS 


CORROSION PROTECTION 


oe The wide range of Iridite coatings available gives you a 
choice of corrosion protection—from economical, mild pro- 
tection of parts for shipment, storage or display, to ex- 
tremely high protection under exposure to marine and highly 
humid atmospheres, gasoline or other hydrocarbons. 


PAINT BASE 


For an extremely tight bond for either baked or air-dried ELECTRIC 
paints, non-porous Iridite blocks moisture penetration— COMPANY 
prevents formation of metallic soap products beneath paint 
coatings. 


APPEARANCE 
, Your choice of colors ranging from clear through yellow 
iridescent to olive drab. Bright Iridite finishes can also be 
dyed to provide other color effects. 


SPECIAL EFFECTS 


Iridite, in combination with other Allied Research processes, 
can provide a wide variety of finishes. As an example, 
Iridite 8-P applied to zinc or cadmium, followed by an ap- 
plication of Irilac, gives a highly attractive simulated brass 
finish. 


IRIDITE—a specialized line of chromate conversion coatings for 
nonferrous metals. Easily applied at room temperatures with short 
immersion times, manually or with automati t. Forms a 
thin film which becomes an integral part of the metol. Cannot chip, 
flake or peel. Special equipment, exhaust systems or highly trained 
personnel not required. 


For complete information on Iridite, con- 
tact your Allied Field Engineer. He's listed 
in the yellow pages under "Plating Sup- 
plies.” Or, write for FREE TECHNICAL DATA 
FILES. 


Allied Research Products, Inc. 4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE ¢ DETROIT 3, MICHIGAN 


—— West Coost Licensee for Process Chemicals: L. H. Butcher Co. 
3 Chemical ond Electro IRIDITE isoprite arp 


chemical Processes, Anodes, 
Rectifiers Equi , ond Supplies for Metal Finishi Chromates Coatings Brighteners Supplies Equipment 
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a few hundred degrees. However, 
there are reactions for producing 
many interesting compounds which 
require temperatures of several thou- 
sand degrees, at the same time being 
under high pressure. 

The newer alloys and coatings 
being investigated by the jet aircraft 
and missile industries offer encour- 
agement and may furnish some of 
the answers. 


Stainless Steel-UO. Plate 


Digest of “The Fabrication of 
Stainless Steel-UO, Fuel Plates”, 
by W. R. Weinberger and H. S. 

alish. Paper presented at the 
Nuclear Engineering & Science 
Conference, Chicago, March 1958. 


HIS PAPER describes fabricating 
techniques employed in prepar- 
ing atomic reactor fuel elements 
containing a dispersion of UO, 
powder within a stainless steel ma- 


ROHCO' Conversion Coatings 


. . » FOR BETTER FINISHES 
. . - FOR LASTING PROTECTION 


ROHCO developments in powder conversion coatings offer 
a wide variety of low cost finishing effects—Brightening, 
Corrosion Protection and Paint Bonding—for: 


ZINC (Choose Your Color) 


RODIP ZN-22—A one dip (no leach) process that imparts a clear, blue-white coating. 
Protects from fingerstaining, discoloration and corrosion. 

RODIP ZN-23—New, inexpensive one dip (no leach) process. Produces a somewhat 
whiter coating than ZN-22 with a higher degree of chemical polishing. 

RODIP ZN-30—A leach type dip which produces a high degree of chemical polish- 


ing. Outstanding in resistance to tarnish and corrosion. 


hesion for lacquering or waxing. 


Provides excellent ad- 


RODIP ZN-25—A one dip (no leach) process which produces a definitely bluish 


coating. 


CADMIUM 


RODIP CD-3—For still, automatic or barrel cycles. 


Easily operated (no leach) coat- 


ing. Produces bright clear, stain-free finish with good corrosion protection. 


RODIP CD-4—Primarily for rapid manual operation. No leach. Imparts a new, 
brilliant, clear, stain-free finish with good corrosion protection. 


ZINC OR CADMIUM 


RODIP CZ-10—Delivers a coating ranging from light golden to a deep bronze or 


brownish. Provides the ultimate in corrosion protection. 


ALUMINUM 


Excellent for painting. 


RODIP AL-50—A new, extremely protective coating that gives a light golden to deep 


tan or brown color range. 


Our service representatives and stock- 
points are centrally located in fourteen 
cities in the U.S.A. and Canada. Your 
inquiry is most welcome. 


R. O. HULL & COMPANY, INC. 


1308 Parsons Court 


The RIGHT START .. . 


Rocky River 16, Ohio 


a BETTER FINISH 
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trix. The basic procedures had pre- 
viously been developed at Oak 
Ridge National Laboratory. The 
fuel core was prepared by blending 
a UO, powder of suitable particle 
characteristics (which are not ex- 
plicitly stated) with either Type 304 
or Type 347 stainless steel powder 
in mixtures ranging from 18 to 30 
wt.% UO,. Compacts pressed at 
100,000 psi. possessed satisfactory 
green strength for handling and as- 
sembly; sintering prior to assembly 
within cover plates was found to be 
superfluous. Uniformity in UO, dis- 
tribution was obtained only with 
stainless steel powders having a par- 
ticle size of —325 mesh. Radio- 
graphic illustrations also suggest that 
UO, of —325 mesh size, while less 
important, contributed to somewhat 
better uniformity. (Apparently no 
attempt was made to measure or 
assess the effects of UO, particle 
size variations in the range of 1 to 
40 microns). 

The core was jacketed (by the 
picture-frame technique) with cover 
plates of either Type 304 or Type 
347 stainless steel. An attempt to 
minimize material costs by using 
strips in place of a punched frame 
was unsuccessful in achieving joints 
that were oxide-free. Solid picture 
frames which were welded along all 
edges to the enclosing cover plates, 
were satisfactory but spot welding 
was less expensive and quite ade- 
quate if the first hot reduction in 
rolling was at least 30%. The form- 
ing procedure after assembly in- 
volved preheat, hot rolling, anneal- 
ing, cleaning and cold rolling to final 
thickness to provide plates 0.030 x 
2.778 X 23 in., containing cores 
0.020 x 2.54 x 22in. A hot reduc- 
tion of about 30% per pass was most 
satisfactory using a rolling tempera- 
ture of 2100 to 2155° F. for Type 
304 and 2190 to 2230° F. for Type 
347. Annealing was done in dry 
hydrogen (dew point not stated) at 
2100° F.; this reduced some but not 
all of the surface oxide formed in 
rolling. An acid pickle removed the 
remaining oxide. Final cold rolling 
employed reductions of 0.001 in. in 
thickness per pass to minimize cam- 
ber and maintain flatness. Where 
the total cold reduction was 20 to 
25%, the rolling could be done with- 
out interruption, but for reductions 
of 40% or more, an intermediate an- 
neal was essential. After cold roll- 
ing, the plates were annealed by 
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Weld failures cut 89% using 
vacuum-melted filler wire 
[weia tests on alloy steel wire used in missile applications revealed nine 
times as many failures with air-melted wire as with Cannon-Muskegon 
vacuum-melted wire. [ superior to consumable-elettrode melting, 
Cannon-Muskegon vacuum-induction melting greatly reduces gas levels 
(nitrogen less than 25 ppm, oxygen less than 25 ppm, hydrogen less than 
5 ppm). Combined sulphur and phosphorus run less than 015%, 
[These remarkably low gas and impurity levels can be most efficiently 
obtained with Cannon-Muskegon vacuum-induction melting. You are 
invited to write Cannon-Muskegon for further details. | 

“w4 Among test samples prepared from air-melted wire, 18 out of 32 failed at 
the weld. ] 

B® Among similar samples prepared from the vacuum-melted wire of the 


same grade, only two out of 32 bars failed at the weld. ] 


[oiterent alloys of Cannon-Muskegon vacuum-melted welding wire are 


available in sizes from 42" to ¥%", in 36” cut lengths, or in 10 or 25-/b. spools 


CANNON-MUSKEGON CORPORATION 
Metallurgical Specialists + 2873 Lincoln Street * Muskegon, Michigan 
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Picture-in-a-minute photomicrography 


with the AO METALLOGRAPH 


focus... SNAP 


& 


SEE | J ...in just 60 seconds 
With the AO Metallograph you perform every operation while sitting comfortably at 
a modern desk. You can take notes, change magnifications, orient specimens, make expo- 


sures, all with unbelievable speed and ease. A coupled visual and photographic system 
makes photomicrography easy and routine. 


AO’s “Workhorse” Metallograph combined with the Polaroid Land Camera back gives 
you photographic prints in just 60 seconds. A truly unbeatable combination for quick, 
precise visual observations and “picture-in-a-minute” photomicrography. 


While you examine the specimen through the eyepieces the image at the film plane is 
focused automatically. You simply snap the shutter...see the Polaroid print in just 60 
seconds. This photographic record is permanent...can be filed for review anytime...anyhere. 


The Metallograph camera aperture also will accommodate a regular 5” x 7” fixed camera 
back. In addition to 5”x 7” film, you can use 4”x 5” and 34" x 44” plates or cut film by 
means of adapter film or plate holders. For further information mail handy coupon. 


Dept. E119 | 

: ° 0 Please send me complete information on the AO | 
merican pti “Workhorse” Metallograph and accessories. | 


Company 
Address 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK City. Zone State. | 
IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 
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Stainless-UO. Plate... 


stacking alternately with 0.030-in. 
thick stainless steel plates coated 
with levigated alumina, and heating 
to 2100° F. for 45 min. in dry hydro- 
gen (any intermediate anneal fol- 
lowed the same procedure). Fin- 
ally, the plates were trimmed to 
specified length and width. 

Photomicrographs of longitudinal 
and transverse sections at 100 x 
show reasonable uniformity of UO, 
particle distribution, but reveal mod- 
erate stringers in the rolling direc- 
tion. A procedure involving a mul- 
tiple-cavity picture frame enclosing 
several parallel cores to permit a 
square plate assembly that would be 
amenable to cross rolling would be 
worth considering to minimize this 
stringering effect. 

J. A. 


Grinding Titanium 


With Belts 


Digest of “Belt Grinding of 
Titanium Sheet and Plate”, by 
Carl T. Olofson, Defense Metals 
Information Center Memoran- 
dum 11, March 15, 1959, Bat- 
telle Memorial Institute, Colum- 
bus, Ohio. 


HEN COMPARED with common 

metals, titanium is more diffi- 
cult to grind with abrasive belts. It 
reacts with oxygen and nitrogen in 
the air to harden the metal surface. 
Also, the metal is likely to weld to 
the abrasive grains. Successful 
grinding can be accomplished by 
lowering the temperature at the 
grinding point and by controlling 
“fracture wear” of the abrasive grains 
so that new cutting edges are con- 
stantly produced. Close dimensional 
tolerances can be maintained; sur- 
faces 36 x 36 in. have been pro- 
duced with 0.004-in. maximum 
deviation. The cost of grinding 
titanium is estimated at six to ten 
times that of stainless steel. 

Silicon carbide abrasives of dense 
texture give best results under nor- 
mal feeds, but aluminum oxide is 
preferred for extremely heavy feeds. 
Medium to fine grain (40 to 80) is 
normally used for roughing and 
spotting operations, extra-fine grain 
(120 to 220) for finishing. Belt 
backing may be paper for some dry 
or oil grinding, but cloth backing is 
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From school room to tool room 
an investment in Hevi-Duty Furnaces 


pays triple dividends 


Your first dividend comes when you call a Hevi-Duty 
Sales Engineer. He is far more than a “nuts and bolts” 
salesman. He is qualified to lay out the most efficient 
over-all heat processing system for you. His services 
are yours for the asking. 


Your second dividend comes with units that fit your 
system exactly. Better yet, they may well be stand- 
ard designs for they come from the most complete line 
of electric and fuel-fired furnaces and ovens available. 


Your third dividend is rugged, heavy-industrial 
quality. No one would say Hevi-Duty furnaces will 


Adult education classes in a Wisconsin high school use 
this Hevi-Duty 051-PT muffle furnace for copper enamel- 
ing. In constant use for 12 years, it still has all four 
original heating units. Clean, safe, and easy to operate, 
this furnace provides uniform chamber heat with negligible 
heat loss despite frequent door openings. For complete 
information on this muffle furnace, write for Bulletin 849. 


Bedford Gear and Machine Products Co., Bedford, Ohio, 
eliminated $1,000 per month in scrap losses with this Hevi- 
Duty Clean-Line automatic heat-treat unit. This heat-treat- 
ing system includes enclosed quench furnace, washer, 
atmosphere draw furnace, and endothermic generator. 
For more information, please send for Bulletin D-100. w 


never wear out, but hundreds of old-time users are 
still wondering when. 

Why not call a Hevi-Duty Sales Engineer to dis- 
cuss your heat-processing problems? These users did. 
Now they are enjoying the dividends. 


] 


HEVI-DUTY 


A Division of 


Electric and Fuel-Fired Cc ‘yy, Basic Products 
Industrial Furnaces and Ovens Corporation 


Hevi-Duty Electric Company, Milwaukee 1, Wis. 


Burroughs Corp., Plymouth, Michigan, reports no scale, no 
oxidation, and no distortion on high-speed tools and dies 
hardened in this Hevi-Duty high-temperature furnace. It 
has two zones of control, a water-jacketed cooling chamber, 
and maintains uniform temperatures up to 2300°F. 
For more complete information, please send for Bulletin 653. 
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Table I— Grinding Titanium With Silicon Carbide Belts 


Belt Grinding . . . 


used for more rugged work. Back- 
ing is waterproofed for water-base 
fluid grinding. Thickness is held to 
close tolerances. 

Contact wheels support the belt, 
and govern the action and effective 
penetration of the abrasive grains. 
Wheels may be plain-faced, cogged 
and serrated. The plain-faced wheel 
puts the grinding in one plane and 


GRINDING OPERATION 


VARIABLES 


SPOTTING ROUGHING FINISHING 


40 to 80 
1000 to 1500 


80 120 
1500* to 2200 1500* to 2200 
120 to 80 =| to 80 
10 10 
No Yes Yes 


Grit size 

Speed, fpm. 
Feed, psi. 

Table speed, fpm. 
Grinding fluids 


*Preferred. {Feed pressure inversely proportional to speed. 


RAPID AND COMPLETE DESCALING OF — 


ALLOYS 


Kolene has more ex- 
perience in salt bath 
™ descaling processes 
4. and equipment than 
| any other company _ 
+. in this field. 


Descaling time reduced up to 
90% and more. 


Titanium and alloys descaled 
with virtually no metal loss. 


100% metallurgically clean 
surface improves weldability. 


Eliminates need for abrasive 
or mechanical descaling. 


Chemical stability and fluidity 
are consistent. 


IN SALTBATH CLEANING. 


Kolene baths remain opera- 
tive for many years without 
dumping. 

Repickles minimized or elim- 
inated! 

Acid disposal problems greatly 
reduced. 


Longer equipment life and 
lower maintenance costs. 


10 Improved buffing surface. 


KOLENE provides complete engineering— 
icals and service. No divided 
with Kolene processes. 


KOLENE CORPORATION 


12890 Westwood Ave. * Detroit 23, Mich. 


Circle 1709 on Page 48-A 


produces a flat surface; it is nor- 
mally used when the unit pressure is 
high enough to cause sufficient break 
down of the abrasive grains. It usu- 
ally produces a better surface than 
the serrated wheel, minimizes shell- 
ing, and permits off-hand grinding 
and polishing of curved and con- 
toured parts. The serrated wheel 
has lands and grooves angled across 
the wheel which “sharpen” the grains 
as they undulate across it. 

The contact wheel should be small 
in diameter and as hard as _ prac- 
ticable, thus providing almost line 
contact and high unit pressure be- 
tween grains and work. Suitable 
materials include rubber, plastic or 
metal. Rubber is usually recom- 
mended. Rubber wheels range in 
hardness from sponge rubber (dur- 
ometer 10) to rock hard (durometer 
100). The harder the wheel, the 
faster the cutting and the coarser 
the finish. Softer rubber wheels can 
be used for blending and for spot- 
ting to remove isolated defects. 

Titanium sheet is usually ground 
on a carrier-type machine that holds 
the work on a table which oscillates 
under the grinding belt. Machine 
rigidity is important for holding close 
dimensional tolerances. Low belt 
speeds reduce the temperature at 
the grinding point and thus retard 
oxidation and welding and reduce 
scorching or marring by incandescent 
chips. The optimum speed depends 
on the contact wheel, grit size, work 
thickness and grinding pressure. 

Feed pressures of 80 to 120 psi. 
have been used; correct pressure will 
cause sufficient grain fracture, proper 
shelling of the belt and an econom- 
ical cutting rate. Feed should be 
constant for best dimensional 
tolerances. 

Dry grinding, except for inter- 
mittent operations such as blending 
and spotting, creates a fire hazard. 
A grinding fluid reduces grinding 
temperature and quenches sparks. 
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il Gathmann, Jr. 
ni North Cha ries Street 


BUFFALO, New York 
Gen A Compan ny 


NATIONAL ENGINEERING 


Alabama 


ry & Mouat Co. 
merica nLite Bidg. 


General Alloys Company 
Edward T. Connolly 
224 S. Michigan Ave 


Whiteside 15, Ohio 


DENVER 15, Colorado 
T C. Jarrett 


Resistant Castings 
and Fabrications 


on B. Hutchins 
147 General Motors Bidg. 


General Alloys Company products FORE 


HOUSTON 3, Texas 
Wm. E. Brice Co. 
Bastrop St. 


are backed by a national engineer- PITTSBURGH 18, Pa. 


ing service offering unexcelled me- 


ANGE. SS. Calif. 

ational Furn Ce. 

South Gate, Calltorn ia 


chanical and metallurgical Heat and naaad 


Co. 
4003 Hycliffe Aven 
INDIANAPOLIS 8, Indiana 
The Geor ©. Desautels Co. 
2302 N. Meridian Street 
P.O. Box 88008 


Corrosion Resistant Alloys for all 


ST. LOUIS 16, Missouri 
Associated Steel Mills, Inc 
Box | 


Defense and Industrial applications. are | 


Indian 
The George 0. Desaw tels Co. 


405 Wysor Bidg. 


NEW ENGLAND 
David L. Elfis 
Hayward Mill ee 
West Concord, Mas 


is no substitute 
for Experience’’ 


GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 
“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 


HEAT & CORROSION RESISTANT CASTINGS" 
Circle 1710 on Page 48-A 
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7 j GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES : 
Bidg. 
t 
4 
Pa.. 
DETROIT 2, Michigan 
} Groadway 
104 Fourth St. 
Sharpsburg, Pa. 
4 than Ave. 
ne. 
; 
UXALTO 


For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson ‘‘Rockwell’’ Hardness Test- Wilson ‘‘Brale”’ 
ers can help make your products Diamond Penetrators 


better, stronger, longer lasting. 
They give reliable results on the give Perfect Readings 


production line, in laboratories, in A perfect diamond pen- 

tool rooms, and in inspection de- etrator is essential to 
partments. They’re as easy to use accurate testing. Only 

as a center punch, as durable as a flawless diamonds are 

machine tool, as sensitive and ac- used with Wilson 

curate asa precision balance. That’s “Brale” penetrators. 

why Wilson “Rockwell” is recog- Each diamond is cut to 

nized as the world’s standard of an exact shape. Micro- 
hardness testing accuracy. scopic inspection and a 
comparator check of each dia- 
Write for Catalog RT-58. mond—one by one—assure you 
It gives complete details on of accurate hardness testing 
the full line of Wilson hard- every time. 

ness testing equipment. 


HARDNESS TESTER 
for most hardness 
TWINTESTER testing functions 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


SUPERFICIAL TESTER 
for extremely shallow 
indentations 


AUTOMATIC—semi and fully automatic 
models for automatically classifying tested 
pieces at rates to 1,000 pieces per hour 


WILSON 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 
Circle 1711 on Page 48-A 


Belt Grinding . . . 


High-flash-point grinding oils, ap- 
plied close to the grinding point, 
may be used, and water-base fluids 
containing certain inorganic com- 
pounds and rust inhibitors give good 
results. Soluble oil emulsions in 
water are poor grinding fluids but 
can be used where the alternative is 
dry grinding above 1500 fpm. 
Liquid CO, is the least effective of 
all coolants tried. Grinding fluid 
may be applied by spraying or belt 
immersion. 

For paper belts, use heavily sul- 
phurized chlorinated oils (flash 
point: 325° F. or higher). Cloth 
belts can use a 10% nitride amine 
rust inhibitor (in water) or a 5% 
potassium nitrite solution. 

When a potassium nitrite solution 
is used as a grinding fluid, it must 
not be permitted to build up around 
the machine and dry out, as it can 
become a fire hazard. Exhaust or 
dust collecting systems should be 
used to minimize the fire hazard of 
titanium dust. 

W. E. 


Mechanical Properties 
of Low-Alloy Steels 


Digest of “Joint Effect of 
Sulphur and Rare Earth Metals 
on the Mechanical Properties of 
Cast Complex Low-Alloy Elec- 
tric Furnace Steel’, by R. D. 
Engquist. Paper presented at 
the A.I.M.E. Electric Furnace 
Conference, December 1959, 
Cleveland. 


T IS COMMON KNOWLEDGE that ex- 

cess sulphur in steel has a dele- 
terious effect, causing hot shortness 
in rolled steels and hot tears in steel 
castings. It has also been postu- 
lated that excess sulphur has an 
adverse effect on the mechanical 
properties of steel. However, there 
is very little documentary evidence 
to substantiate this. Therefore, the 
Manufacturing Research Labora- 
tories of the American Steel Found- 
ries initiated an investigation to 
determine the effect of sulphur on 
the mechanical properties of a low- 
alloy, ultra-high-strength cast steel 
(proprietary name, “Wearpact”). 
The extent of that effect and the effi- 
ciency of methods employed to com- 
bat it were also studied. 

Eighteen heats of steel were used 


METAL PROGRESS 


wee 
/ 
a 
= 
> 4% pened } 
is 
he 
3 
"4 
A-Cc 4 


METAL 
PROGRESS 


Crobaugh Laboratories uses new X-Ray 
rometer and conventional methods to get 


Spect 
accuracy from 1 p.p.m. range to 100%. 
COMPLETE METALLURGICAL TESTING SERVICE FOR 
@ Hydrogen, Oxygen, Nitrogen Analysis 
@ Elevated Temperature Tensile and Stress 


Rupture 
@ Low ond High Temperature Impact _ 


@ X-Ray, Gommo-Ray Radiography 

Write for Complete Facilities Brochure La 
THE FRANK L. CROBAUGH CO. 
Member + American Council of Independent Laboratories 


3800 Perkins Ave. + Cleveland 14,0. + UT 1-7320 
LIST NO. 210 ON INFO-COUPON PAGE 190 


CUT YOUR COSTS OF PRODUCTION with 


FLAME HARDENING 
EPOXY 
GUIDE 


does not require 
furnaces 


Let us help you—from 


Flame Hardening | CONSULT OUR ENGINEERS 
| design to completed machine 


| 
POE aw We flame harden all sizes & shapes 
ntereste in modernizing your pro- 
Get this handy —one pound to 80,000 pounds _| Write for either 
guide on epoxy adhesives, coatings, | or both of these 


sealants, and plastic alloys... with- We can flame harden anything | beautifully 


| illustrated 
company that can be shipped over the “Flame a 
letterhead and ask for a complimen- highway orona freight car | Hardened Rolls” or paisa 


tary copy of Resiweld Book #2. “Flame Hardened 


er] Machine Ways,” 


charts and 
H. B. Fuller Co ; valuable data. 
17644 Mt. Elliott Ave. Detroit 12, Mich.» TWinbrook 1-2936 
a ST. PAUL , MINN. inbroo 
LIST NO. 244 ON INFO-COUPON PAGE 190 LIST NO. 242 ON INFO-COUPON PAGE 190 


Aluminum Soldering Flux Silver Solder Flux Stsicless Steel & Chrome 


Now ... Solder Aluminum 


Greater speed and econom i 
with ordinary soft solders Sor olf ite soldering! y Soldering Flux 
® Use 60-40, 50- — 


50, 40-60, 95-5 © Packed in tins Safer... Surer... Cleaner 


solders Will not harden 
No new solder- @ Non-acid... @ Doesn't stain 
@ ing techniques Self-cleaning @ Non-acid 


Non-acid.. . 


H-cleaning 
ALUMINUM For all silver sol- © Se 
Self-cleaning 


dering in 1125° to i For soldering all 
A major break- 1700° F. heat range. stainless steel and 
through in alu- marie Dissolves all refrac- chrome, __includin 
minum fabrication. tory and non-refrac- acre cua 300-400 Series, wit 
Use ordinary soft tory oxides... er ordinar soft sol- 
solders . . . ordinary irons or torches. solder penetrates ders. Requires no 
Remarkable fluxing action achieves perfect completely into all areas, for maximum pre-cleaning. Acid- 
bond of aluminum and solder making pos- strength without solder waste. Completely free formulation will not pit metals, leaves 
sible the fabrication of aluminum to alu- acid-free—will not pit or stain metals. Al- no stains. No buckling on even light gauge 


minum, copper, steel, stainless steel, gal- ways- ready paste form .. . will not harden work. In liquid or paste form. 
vanized iron, brass, etc. or crystallize. 


engineering on engineer on engineering 
any fluxing problem. fuxing problem. | any fluxing 


LAKE Chemical Co. LAKE Chemical Co. IE LAKE Chemical Co. 
3079 W. Carroll Ave., : 3079 W. Carroll Ave., 3079 W. Carroll Ave., 
Chicago 12, Ill. Chicago 12, Ill. ey Chicago 12, Ill. 


LIST NO. 202 ON INFO-COUPON PAGE 190 
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You can read temperatures 


instantly with the 
SHAWMETER __ 


Automatic, direct-reading 
two-color pyrometer 


For flowing, moving or 
stationary objects 


SHAW INSTRUMENT CORPORATION 


ly + -Metal Seals e Nuclear and Electronic Instrumentation 


M-46, Latrobe, Pennsylvania 
LIST NO. 205 ON INFO-COUPON PAGE 190 


Send for new 
bulletin that 
ives detailed in- 
ormation on 
is unique in- 
strument, 


Test for Hand Perspiration to 
Eliminate rejects due to 
corrosion problems. 


“Eliminate chance” in hiring and assignment 
of personnel to jobs. Save by reducing rejects 
—_rework. Instant reading — highly accurate 
and foolproof. + Literature 
AMERESCO, INC. 


5 Center Avenue, Little Falls, N. J. 


LIST NO. 245 ON INFO-COUPON PAGE 190 


Multi-Purpose 
Fatigue Testing Machines 
for Research and Production 


push-pull, bending, torsion tests, on hard and soft 

materials. Infinitely variable speed—extremely large 

stroke—additional low speed drive. 

Built-in controls maintain constant static and dynamic 

load. 

Model PV— Vertical, 0.6—20 tons load, 5/16” to 5/8” 
stroke (45) 600—8000 cPM 

Model PB— praca 3—100 tons load, 1” to 2” stroke 
(30) 280—4500 cPM 


‘lab. 


Accessories for envir tal tests 


Write for information. 


COSA CORPORATION 


405 Lexington Avenue, New York 17, N. ¥. 
LIST NO, 244 ON INFO-COUPON PAGE 190 
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F IND 


“SPRAY-ON”" 
Dye Penetrant 
inspection 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your maintenance and 
in-progress inspections. SPOTCHECK’S complete 
SK-3 kit is portable; no other equipment needed! 


Spotcheck offers 


@ NEW! NONFLAMMABLE 

@ PUSH-BUTTON EASE 

@ FLEXIBILITY . . . Use on tools, parts, 
machinery, etc. 


@ LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 
Why use higher priced substitutes? 


COMPLETE SK-3 KIT ONLY 


00 U.S.A. only 


Plus $1 for pack- 
ing and shipping 
CALL YOUR DISTRIBUTOR or Mail 
Check or P. 0. with Coupon Today! 
SSS OSS 
MAGNAFLUX CORPORATION 
7328 W. Ainslie Ave., Chicago 31, Illinois 
O Please send___SK-3 kits @ $36.00 each 
plus $1.00 each packing and shipping. 
O Send FREE bulletin only. Includes low 
SPOTCHECK material prices. 
Nome. Title 


Address. 


STANDARD» 
HARDNESS TESTERS 
for ROCKWELL 


OPTO- METRIC TOOLS, 1 INC. 


137 VARICK STREET, NEW YORK 13, 
LIST NO. 162 ON INFO-COUPON PAGE 190 


SUB-ZERO 


low temperature equipment 


@ shrink fits 


1.5 and 6.5 cu. ft. capacities. 
@ seasoning 


Sturdy, all-steel cabinet con- 

gauges y 
@ precision struction. Sublids for constant 
tools inside temperature. Adjust- 
@ laboratory able temperature controls. 
testing Special accessories available. 


(ves INC. 


Deerfield, Michigan 
Specialists in Trend-Setting Refrigeration 


LIST NO. 200 ON INFO-COUPON PAGE 190 


revolutionary * low cost 


IcROHARDNESS 
TESTER 


© permits direct, accurate 
readings corresponding 
to Vickers within a few 
seconds 


ideally suited for on- 
the-job production work 


eeliminates a micro- 
scope, conversion charts, 
complicated tables 


efor rapid and accurate 
checking of surface layers, 
thin sheets, flat springs, 
instrument parts, wire 
punches, etc. 


e can be obtained in 1 kg 
or 2 kg loads penetrating 
as little as .000079” or 
00016” respectively 


222 YORK ROAD 
JENKINTOWN 5, PA. 
TUrner 4-8494 


Write, wire or call for full details 


LIST NO. 207 ON INFO-COUPON PAGE 190 
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Rockwell-scaled 


REE! 


CLEANING BULLET IN | REVOLUTIONARY— 


NEW-"ON-THE-JOB" 
@ Applications Laboratory service. Your 


sample parts are cleaned ultrasonically and only § 50 
equipment and cost recommendations are aiiened 
A steel ball of exact 


made at no charge. 
i er cleaners 

STANDARDLINE medium pow sel 

an exact 


for all applications requiring average 
energy levels. pon ogg from — 
HEAVYDUTYLINE high power cleaners for ‘ eight, insuring a 
NUclean® solvents and detergents especially 
formulated for ultrasonic cleaning. able. In use in many large 
plants and shops. 

Order yours today at this 
low price. Satisfaction guar- 
anteed 


DETROIT 
HARDNESS TESTER 


17644 Mt. Elliott Ave. 
pat. app. for Detroit 12, Mich. 
LIST NO. 247 ON INFO-COUPON PAGE 190 


DERMITRON Wilson “Rockwell” 


NON-DESTRUCTIVE TWINTESTER 
COATING THICKNESS TESTER 


machines all foil, film, sheet 
and plate metals . . . from .0005” foil to 500” plate. Hard 
001 stainless steel foil to soft 4” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 


i + .0005”. Machined edges 
of heat cad FAST. se ACCURATE 
require no hand finishing. 
@ TENSILKUT table and Seer models are available with NON-DESTRUCTIVE 
motors from 42 to 242 h.p. Write for free brochure. DIRECT-READING 


SIEBURG INDUSTRIES 


Danbury Industrial Park, Danbury, Connecticut @ Instantly measures the thickness 
LIST NO. 131 ON INFO-COUPON PAGE 190 of metallic and non-metallic coat- 
ings and films 


Based dd t principt 


This portable instrument for both lab- e Easy to operate—change from 

oratory and production use, gives fast, “Rockwell” to “Rockwell” super- 

accurate and direct readings of virtu- ficial testing in seconds 

ally any coating on any base, including: e Large direct-reading dial with 

© Motel coatings (euch os pleting) on one zero set position for all scales 
metal base (magnetic and non- e Complete equipment includes 
magnetic) cowl, ball penetrator for B and 

@ Non-metallic coatings (such as T scale, ‘““Rockwell” test blocks, 


anvils, dust cover, and protective 


@ Metal films (such as vacuum met- sleeve set 
alizing) on non-metallic base (plas- e Complete line of accessories 
tics, ceramics) available 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness Wrlte to Dept. DU. Ask for Bulletin TT-59 


testing problems WILSON “ROCKWELL” 
Applies 1 to 10,000 gram loads HARDNESS TESTERS 
Write for Bulletin UNIT PROCESS (i Wilson Mechanical co 


Kent Cliff Laboratories Div. SEMBL ES Instrument Division 

The Torsion Balance Company AS BLIES, INC. | American Chain & Cable 

FTO ’ om ny, inc. 
cu NEW JERSEY 230-F Park York 17, N.Y. 
LIST NO. 53 ON INFO-COUPON PAGE 190 LIST NO. 139 ON INFO-COUPON PAGE 190 LIST NO. 209 ON INFO-COUPON PAGE 190 
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@ Now with TENSILKUT, whatever 
your testing methods or materials, you . 
can have perfect precision machined 4 
physical test specimens in less than Wag 
two minutes 3 4 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached 
ACCURACY AND 
CONSTANCY of cali- 
bration . . . at the 
standard 3000kg test 
load . . . maximum 
error plus or minus 
ka 


Write for Bulletin 
No. A-18 


with 


MAGNETIC ANALYSIS... 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3, N.Y 


LIST NO. 135 ON INFO-COUPON PAGE 190 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
Properties. Average inspection speed — 120 
ft. per minute. 


MULTI MOTION DIES* .... 


FOR COMPACTING POWDERED 
MATERIAL TEST SPECIMENS .... 


® Tensile Bars 

® Transverse Bars 

® Green Strength 

Bushings 

Slugs 

® Stepped Parts 
Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 


DL-1001 
TENSILE TEST BAR presses. 
MPA STANDARD 
10-50 “PATENTED 


HALLER, INCORPORATED 


16580 Northville Rd., Northville, Mich. 


Now find cracks, 
leaks, defects 
..» guickly, easily! 


LYGLO 


Portable 


BLACK LIGHT 
Easy le Y4e. in the shop 


¢ in the field 
FLUORESCENT PENETRANT INSPECTION 


“IDEAL FOR” 


© Low-volume pro- 
duction testing 


Maintenance and 
tool inspection 


© Reliable leak test 
—welded tanks 


FIRE SAFE Genuine ZYGLO KIT 
New, improved complete with 
high flash-point 100 W. BLACK LIGHT 


ut 12 5” 
spray cans. 


F.0.B. Chicago 


MAGNAFLUX CORPORATION 
7328 West Ainslie Avenue 
Chicago 31, Illinois 
LIST NO. 248 ON INFO-COUPON PAGE 190 


MULTI & SINGLE FREQUENCY 
EQUIPMENT 


Eddy current equipment for non-destructive 
testing of non-magnetic metal tubing, bars, 
wire, /e” to 3” dia. at test speeds from 200 
to 600 fpm. Multi-frequency unit offers 6 
simultaneous inspection methods to indicate 
surface and subsurface flaws, or variations 
in mechanical, physical, and metallurgical 
properties. The single frequency unit offers 
one inspection method to indicate flaws only. 


LIST NO. 149 ON INFO-COUPON PAGE 190 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

@ ACCURACY GUARANTEED 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown Pennsylvania 
TUrner 48494 Dept. MP 


LIST NO. 163 ON INFO-COUPON PAGE 190 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


LIST NO. 51 ON INFO-COUPON PAGE 190 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


LIST NO. 133 ON INFO-COUPON PAGE 190 
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Problems 
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we 
make hardness tests 3 
ANYWHERE 
with THE 
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A 
— 
42-44 Twelfth St., Long Island City 1, 
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‘The Branson 


DO YOU KNOW 
HOW 
CLEAN 
1s 
CLEAN? 


Cleanliness Tester 
CMM, in a few seconds 


gives 2 oreciie quentite 


determination of clean. § 


iness on a scate of 0 to 1000, 


asure cleanness of pickled or 


strip and bar stock; 


evaluate cleaning materials 


and techniques; determine | 


¢leanability of various 
4 


thaterials and readiness 
further work $435... 


BRANSON ULTRASONIC CORPORATION 
6 Brown House Rd., Stamford, Conn. 
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modular 
QUEOUS SYSTEMS power spray 
Eliminates RUST | washers 


& [V{ MAXIMUM PERFORMANCE 
Fire Hazards | 
Non-Flammable Proof? In this Ramco 


you can create the right 
system for today's . . . 
needs. 
end for your copy 
Send for Brochure: NOW! Ask for Bulletin 
The ABC of Rust-Lick —. 


for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 


Non-Toxic 


EQUIPMENT CORP. 
DIV. OF RANDALL MFG. CO., INC. 
809 Edgewater Rd. New York 39, N.Y. 
LIST NO. 128 ON INFO-COUPON PAGE 199 
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Reichert 


MEFLAB 


inexpensive precision 
metallograph 


VISUAL OBSERVATION 
PHOTOMICROGRAPHY EICHERT 
PROJECTION 


Nearly a Century of research produced this Brilliant 
Optical System. 
For further particulars or a demonstration contact 
WILLIAM J. HACKER & CO., INC. 
Box 646, West Caldwell, N. J. 
LIST NO. 219 ON INFO-COUPON PAGE !90 
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Another 
0 
TECHNIC 


Research 


HEAT 
RESIST 
24K 
Acid Brigh 
GOLD 


Mirror Brightness 
One addition agen 
Barrel or Tank Ope 


Write, Wire, Phone or TWX 
for complete information. 


Technic 


RESEARCH 


Chicago Office 
7001 North Clark Street 
LIST NO. 124 ON INFO-COUPON PAGE 190 
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AMCO HEAT RESISTANCY | 
HARDNESS ...150+ Knoop | 
| 


from impervious 
ndustries, INC 


the proc 


THERMOWELLS 


Immune to thermal shock 
— minimum lag time — 
three standard designs 
available from stock. Bul- 
letin 1145. 

PARALLEL EXCHANGERS(g) 
Another exclusive de- 
velopment for inexpen- 
sive low volume heat- 
ing or cooling. Heat 
transfer section is 
single piece of impervi- 
ous graphite, without 
joints. Bulletin 1205. 


@ CRUCIBLES 


Made of ‘‘pure”’ 
graphite withoutclay 
or other filler (NOT 
IMPERMEABLE). 
Standard sizes to 30” 
O.D. Specials to 48” 
O.D. Bulletin 1020. 


PLATE HEATERS(q) 


Four styles, virtually unlimited range 
of sizes. High rate of thermal con- 
ductivity (prox. 10 times that of stain- 
less steel), immune to thermal shock. 
Bulletin 753. 


@ CROSS-BORE EXCHANGERS 


An exclusive development utilizing a 
“one-piece”, heavy duty, heat transfer 
cylinder. Furnished to 240 sq. feet of 
transfer surface. Larger capacities on 
order. Bulletin 660. 


BAYONET HEATERS 
Four sizes for heating or cooling lim- 


ited quantities of gases or liquids. 
Bulletin 753-2, 


OTHER 


EQUIPMENT 


Cubical 182 Centrifugal Pumps | 854 
Tube & Control Valves | ...... 

448 | Process Valves 
Modular Exchangers 279 | Pipe & Fittings 790 
Cascade Coolers | 537 | Rupture Disks 315 
Towers 


FALLS @ INDUSTRIES, INC. 


31912 Aurora Road * Solon, Ohio 
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PRINT-T0-PRODUCT SERVICE 


How many 
of these steps 
does your 

product need ? 


If you can use skills and 
close tolerances like 
these, write for informa- 
tion to Forge & Fittings 
Division, H. K. Porter Company, Inc., 
Cleveland 4, Ohio 


FROM A SINGLE SOURCE: 


FORGINGS . . . Hammer, Press, Upset 
Broaching, Milling, Turning, Drill- 
ing, Grin ing 
FINISHING . .. Heat Treating, Assembling, Paint- 
ing, Plating 
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FORGINGS BY 


/ 


H.K.PORTER COMPANY. INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction 
products, asbestos textiles, 9 voltage electrical equip- 
ment, electrical wire and cable, wiring systems, motors, 
fans, blowers, specialty alloys, paints, refractories, tools, 
forgings and pipe fittings, roll formings and stampings, 
wire rope and strand. 


Factories: Brooklyn, N.Y. ¢@ 


Whiteligh? 


MAGNESIUM 


your RODS dia. dia. 
independent 
mill source TUBING 4” 0.D. to 6” 0.D. 
of magnesium HOLLOW SHAPES to6:.” circle 
ae PLATE & SHEET .092” to 3” thick 
ALLOYS 
AZI0 
AZ31 
K60 
ZK30 
M-I 
ZK-20 
Anodes 


HITE METAL 


ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Warsaw, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 


PRODUCTION OF SMALL PARTS 

Beryllium Copper 

Other Non-ferrous Alloys 

Rounded or square edges. 

Available with hot-tinned 
finish for solderability. 

Write for descriptive folder. 


Bronzes 


LITTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 
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No matter what type of heat / 
treating furnace you have 
« complex or simple... 
a Wiretex-made fixture will 
handle it easier, better and 
Ot less cost. 

Fixtures * Retorts * Baskets 
Pots * Trays * Boxes * Grids 
Screens * Muffles * Etc. 


Any form, size, weight, 
strength, mesh, alloy or 
quantity. 

Cost Conscious? Call Wiretex. Ask 
for Catalog M7 


in Processing Carriers Since 1932. 


mfg. €0., srtdgeport 5. conn. 
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ME REAMED MOLES WELD ome 
graphite by developer of new an’ 
industries. FORGE & FITTINGS DIVISION 
| 
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BATCH 
FURNACES 


CONTROLLED 
ATMOSPHERE 
EQUIPMENT 
FOR EVERY 
APPLICATION 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


This die was ready for 
the customer 18 days 
after it was ordered 
INVAR 


CASTING 
We can save you weeks when you 


maximum 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 


Only finish oper- 


need a new extrusion. 


Special Feature 

— Nickel content 

held to 35% min- 
imum — 36% 


The die for the part shown above 
was producing vital parts for a 
leading industrial and appliance 
manufacturer 18 days after we re- 
ceived the order. It saved this cus- 
tomer time. It saved this customer 
money over machining stich a part. 


We have complete and modern 


STANDARD 
HEARTH SIZES 


20” Wide—30” Long 
24” Wide—36” Long 


facilities for fabricating and anod- 
izing. We are a skilled producer 
of precision aluminum mouldings. 


Chances are we can help you, too. 
Why not write us today. 


dio. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


from solid stock. 


ations required 
are reaming small 


30” Wide—48” Long 


Aluminum Extruders + Anodizers  Artrim Mouldings 


SSUPERIORLINDUSTRIE SL INES 


3786 Oakwood Ave., Youngstown, Ohio 
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“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 

WRITE ON LETTERHEAD FOR complete 

Coating information. 


MARKAL COMPANY 3118 West Carroll Avenue © Chicago 12, Illinois 
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Mark any parts while cold, 

identify them after heat treating 
regardless of temperatures and oil 
or water Use ““M” up 
to 1600° F., “*M-10” up to 2400° 


WRITE ON LETTERHEAD FOR complete 
Paintstik information. 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, lil. 
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AAU The Best 


HEAT RESISTING ALLOYS 
Ready When You Need Them 


Please Send for Stock List and Literature 


Ahead and Resistant Moy Specialisia 


5309 Concord Avenue e@ Detroit 11, Michigan 
Phone WAlnut 1-4462 
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330 William Street © South River, New Jersey 
Phone Clifford 4-4616 


MARTINDALE 
ROTARY BURS 


Solve toughest metal-cutting jobs. Martindale Carbide 
Rotary Burs and Files cut the toughest metals an 
abrasive materials. Precision ground from solid car- 
bide, in wide selection of shapes and sizes 3/32 to 1 
“jn, diameter. Available in identical shapes, sizes in 
high-speed steel, 
Send for NEW CATALOG including hundreds of 
cost-saving items for maintenance, safety, pro- 
duction, 


MARTINDALE ELECTRIC CO. 


Cleveland 7, Ohio 


1372 Hird Avenue 
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there’s a 


IMMERSION 
HEATER 
for 


Your Every 
Heating Requirement 
INSTANT HEATING 
@ SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor 


WRITE FOR BULLETIN > 


Gle-QUARTZ 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
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ALUMINUM EXTRUSIONS 


BY G.E.I. 


HELP KEEP 


@ It's cold inside Universal Cabinet's 
Model GT-23. Separating this frigid atmos- 

from the warm temperatures outside is 
a fog-free glass . . . framed in anodized alumi- 
num extrusions by G.E.I. The G.E.I. sections 
perfectly fit both the glass and the cabinet, 
slide freely and add beauty to the cabinet. 

This is another example of a leading 
manufacturer solving his requirements for 
durability, beauty and economy with extru- 
sions by G.E.I. 

GENERAL EXTRUSIONS, INC. 
4040 Lake Park Road © Youngstown, Ohio 


Sales Offices at St. Louis, Pittsburgh, Chattenoogs and Cleveland 
Consult your Classified Phone Book Under Aluminum Products 
LIST NO. 141 ON INFO-COUPON PAGE 190 


UNIFORM HEAT 


throughout the work space 


30 STANDARD & 
CABINET 
MODELS | 


Model HB Electric or 
Gas Cabinet Oven 


@ Work space from 4.6 to 72.3 cu. ft. 

@ Temp. ranges from 100 to 1250° F. 

@ Electronic combustion devices for gas models 

@ Indicating control instrument 

@ Factory tested 
Other ovens from $121.50 up; laboratory, bench, os 
walk-in and custom built models. ae 

Write for details 


Specialists in Heat Process Equipment 
GRIEVE-HENDRY COQ. Ine 


1339 N. Elston Ave. Chicago 22, IN. 
LIST NO. 27 ON INFO-COUPON PAGE 190 


COR-WAL RETORT 
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choose from the 


Through serving commercial heat treaters and heat treating departments 
all over the U.S. for many years Stanwood has developed the most complete 
line of heat treating equipment. We can make fast delivery with maximum 
economy. If you require a special container, fixture or furnace part for 
which we do not have patterns our engineers can quickly develop and 
submit a design to meet your requirements. Send for catalog. 

Sales Representatives in Principal Cities. 


complete line 
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the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

Por information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th St., Cleveland 11, Ohie 
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Need Help Designing That Aluminum Extrusion? 


THERE'S A 
WORLD OF 
AN DIFFERENCE 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer . . . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications. 
You'll be sure of close die control .. . 
quality safeguards every step . . . on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
your design. 


ANODIZING 
JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
LIST NO. 165 ON INFO-COUPON PAGE 190 


WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


screws have 
clean—bright—shiny—heads 


Srar screw co. 


Telephone: CLifford 6-2300 
Direct N.Y. phone Wisconsin 7-6310 

Direct Phila. ‘phone WAlnut 5-3660 
LIST NO. 99 ON INFO-COUPON PAGE 190 


How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 
Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 


Industrial Combustion Division 
1127 Buchanan St., Rockford, Ill. 


Eclipse PRESSED STEEL POTS 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
In Canada—Hamilton, Ontario 
LIST NO. 74 ON INFO-COUPON PAGE 190 


FOR SALE 


HOLCROFT GAS FIRED RADIANT 
TUBE BRIGHT HARDENING FURNACE 
with 36” wide cast link belt, 15’ long 
effective heating, and conveyorized 
quench. 


HOLCROFT RECIRCULATING DRAW 
FURNACE, gas fired, 1250° F, 36” wide, 
20’ long. 

ALSO OTHER FURNACES AVAILABLE 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 
OAK PARK 37, MICHIGAN 
P.O. Box 3726 Phone, Lincoln 7-6400 
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SORGEL 


Saturable Reactors 


Regulate and control 
electric ovens 
and furnaces 

more accurately 
and efficiently 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 
834 W. National Ave., Milwaukee 4, Wis. 


Since 1916 devoted to creative engineering 
and manufacturing craftsmanship 
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15 Day FREE Trial 


Guarantees Satisfaction 


KOCOUR ELECTRONIC 
THICKNESS TESTER 
MODEL 955 


Model 955 determines the thickness 
of decorative and heavy chromium, 
silver, tin, cadmium, zinc, oy copper, 
nickel, lead, and other metallic deposits 
on various base metals. 90-95% 
accurate . . . Direct reading . 
simple operation. 


WRITE FOR LITERATURE TODAY) 


KOCOUR COMPANY 


S. ST. Lo 
CHICAGO 32, 
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GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


LIKE-NEW SELAS ROTARY-HEARTH 
HIGH-TEMPERATURE GRADIATION 
FURNACE! 


Hearth diameter, 7 ft. 

Door opening, 8 in. wide by 22 in. high 
Gas fired for 2400° F. Complete. 
Also: 


Globar box furnaces, 12 in. wide by 18 in. long 
by 8 in. high 

Tempering box furnaces, 43 in. wide by 42 in. 
long by 30 in. high 

Carbonitriding furnaces, 24 in. wide by 36 in. 
long by 18 in. high 

Nitriding bell furnaces, 59 in. in diameter by 
60 in. hig 

Brazing roller hearth, 24 in. wide by 20 ft. long 
by Ii in. high 

Annealing roller hearth, 49 in. wide by 34 ft. 
long by 12 in. high 


Sacrifice before moving! 
me annealing furnace, 3 ft. diam. by 7 ft. 
jeep 


25-in. diam. Gleason quench press 
Conveyorized infrared oven and paint spray 


Wire or call for our complete list of used heat 
treating and plating equipment. 
METAL TREATING 
EQU ANGE, INC. 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


Metals Park, Novelty, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


( Bulletin Board 1 tem Num ber) 


(Please check) 


Send Catalog 


or Engineer- 
ing Data 


! 
| 


The features listed below are but a 
few of the in-built advantages of the 
LUCIFER 2055 SERIES. 

* Eliminates atmospheric probl 
(oxidation, scaling and 
decarburization) 
* Rapid constant heat 
* Choice of 10 models 
* Heat ranges to 1,700° F. 
* All controls included 
(automatic indicating controller, 
selector switch with two thermocouples) 
* Quick easy installation 
* Low initial cost . . . low upkeep 
* Top production performance 
with unskilled labor 
* Minimum replacement down-time 
Lucifer Furnaces, Inc., manufactures 
many standard electric heat 
treating furnaces and maintains 
a design department to create 
special units. For engineering 
assistance, parts or product 
information write or call... 
LUCIFER FURNACES, INC. 
Neshaminy 7, Pennsylvania 
Diamond 3-0411 


FURNACES 
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Reduce your assembly problems and costs. 
Our s continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


MAIN AND PLANT 
3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
LIST NO. 101 ON INFO-COUPON TO THE LEFT 
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a company. : 
to remembe 


how tempered with 
st possible service is. 
evela 


Cleveland Alloy Castings, Inc. 


20303 FIRST AVENUE « BEREA, OHIO 
Circle 1718 on Page 48-A 


: eat ana corrosion r ar 
- .Let our engineering staff 
consult. OL ve can 
> » corrosion resistant alloy 


GING MACHINES 


More and more precision metal forming operations 
are being performed on swaging machines because 
of low initial and low operating costs plus 
substantial savings in metals. Whether your 
specifications call for pointing, forming, assembling, 
internal reduction, or swaging squares and 
rectangles only Fenn offers you the model and size 
to exactly meet your requirements because 

only Fenn makes all types of swaging machines. 


Write for Fenn Swaging Catalog! 


GW 
STATIONARY DIE 
SWAGING MACHT 


Newest addition to the most complete fine 


operation and minimum operator 
. Available in wide range of sizes. 


ROTARY 4-DIE HYDROFORMER 


The workhorse of modern « Ideal for swaging higher ten- » Equipped with special hydrav- 
swaging machines and appli- . sile materials, greater reduc- » lically actuated wedges thct 
cable to most swaging re- e tion per pass, and steeper permit wide die opening. Used 


quirements. Low initial cost, 


angles of reduction. Also per- for internal and central reduc- 


wide range of sizes and rs mits easy feeding. @ tions, and attaching fittings 


capacities. 


such as balls to cables. 


FENN MANUFACTURING COMPANY ® 502 FENN ROAD © NEWINGTON, CONN. 
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Low-Alloy Steels . . . 


in this investigation, with commer- 
cial mischmetal added to nine of 
them. The compositon of both 
groups was closely controlled, and 
the sulphur content was varied from 
heat to heat. The rare-earth treated 
groups had sulphur contents ranging 
from 0.007 to 0.045%. The sulphur 
contents of the untreated group 
ranged from 0.005 to 0.045%. All 
heats were deoxidized with alumi- 
num and a Ca-Mn-Si alloy immedi- 
ately before tapping. 

Double-runner keel blocks were 
cast from each heat. The runner 
bars were burned from the blocks 
and normalized after being held for 
2 hr. at 1750° F. They were then 
used to make tensile test bars and 
Charpy V-notch impact specimens. 
After rough machining, all test pieces 
were austenitized at 1650° F. for 1 
hr., and water quenched. Duplicate 
specimens were taken from each 
heat and tempered for 2 hr. at each 
of the following temperatures: 250, 
400, 600, 700, 800, 1000 and 1200° 
F. The specimens were water 
quenched from the tempering tem- 
perature and finish machined. The 
tensile bars were then aged for 24 
hr. at 200° F. All the bars were 
tested in accordance with standard 
A.S.T.M. testing procedures, 

The test results revealed that sul- 
phur had no effect on the static ten- 
sile or yield strength. It did, how- 
ever, have an adverse effect on duc- 
tility and toughness. The results 
also indicated that the rare earth 
treatment had a beneficial effect on 
the ductility and toughness. Its 
influence appeared to be more pro- 
nounced at the higher sulphur levels; 
that is above 0.015%. This is be- 
lieved to occur because the rare 
earth elements promote a rapid scav- 
enging of sulphur from the metal. 

The rare earth treatments also 
seem to be more effective at the 
higher tempering temperatures. This 
may be attributed to the effects of 
temper embrittlement which resulted 
from tempering at the lower temper- 
atures. The embrittlement reduced 
the toughness and ductility to the 
point where it was difficult to dis- 
cern any improvement resulting from 
the rare earth treatment. 

These tests did not establish the 
mechanism by which the rare earths 
accomplished their _beneficiation. 
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BERNARD 

S. LEMENT 
HAS WRITTEN 
FOR YOU... 


DISTORTION 
TOOL STEELS 


A NEW BOOK PUBLISHED BY AMERICAN SOCIETY FOR METALS 


Distortion in Tool Steels is a practical, easy-to-read book exploring the 
size and shape changes in tool steels which occur during and after processing. 

Readers will benefit greatly from the experience of its author. Dr. Le- 
ment’s background includes both theoretical and practical work in this field 
and in this book he has sorted the most useful data yet assembled on this 
expensive problem to industry. His comprehensive knowledge has resulted in 
this first-of-its-kind book for metals and materials engineers, tool engineers, 
designers, heat treaters, machinists, mechanical engineers and inspectors. 

Dr. Lement places particular emphasis on methods of heat treatment 
that are necessary for precise dimensional control. The problems encountered 
in the production of tool steel parts with extreme tolerances (cutting tools, 
dies, gages, ball bearings, valves, etc.) are treated in detail. 

Also, how to prevent significant changes in finish dimensions during 
storage or under normal service conditions is discussed. How to minimize or 
eliminate costly finish machining operations by scientific dimensional control 
is thoroughly ‘explored. 

Tables, drawings, charts and graphs highlight the book’s —_ chapters: 


1. CAUSES OF DISTORTION 5. HARDENIN 

2. MEASUREMENT OF DIMENSIONAL CHANGES = COLD TREATING 
3. CALCULATION OF SIZE CHANGES TEMPERING 

4. CONTROL OF DISTORTION é AGING 


If you are directly or indirectly related to the manufacture of tool steels 
or tool steel parts, Distortion in Tool Steels is a work of great importance. 
Dr. Lement writes to the men responsible for tool steel performance. His book 
represents an opportunity to become fully informed on size and shape changes 
in tool steels. Order your copy today. 


ORDER WITH THIS COUPON 


Distortion in Tool Steels—173 P.—8 chapters—illustrated—red cloth cover—6” x 9”—published by 
American Society for Metals—written by Dr. Bernard S. Lement—$10.00 per copy. 


Please send me __________ copy(s) of Distortion in Tool Steels 


Name 


AMERICAN 


a 


METALS 
Enclosed find $ Or: Bill me [1] Bill Company [(] Metals Park — Novelty, Ohio 
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Tempilstik’ 


* Also Tempil® Pellets 
and Tempilaq® (liquid form) 


Tempilstik °_a simple and accurate means of 


determining preheating and stress relieving temperatures 
in welding operations. Widely used in all heat treating — 
as well as in hundreds of other heat-dependent processes 
in industry. Available in 80 different temperature ratings 
from 113°F to 2500°F . . . $2.00 each. 


Send for free sample Tempil® Pellets. State temperature 
desired ... Sorry, no sample Tempilstiks’. 


Most industrial and welding supply houses carry Tempilstiks® 
... if yours does not, write for information to: 


MARKETING DIVISION 


Tempil® corporation 132 west 22nd 51, New York 11, WY 
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Low-Alloy Steels . . . 


However, there were indications that 
an alloying between the rare earth 
elements and one or more of the 
metallic elements in the steel might 
occur. BERNARD TROCK 


Sliding at High 
Temperatures 


Digest of “Sliding Character- 
istics of Metals at High Temper- 
atures”, by M. B. Peterson, J. J. 
Florek and R. E. Lee. A.S.L.E. 
Preprint No. 59LC-5. Paper pre- 
sented before the A.S.L.E.- 
A.S.M.E. Lubrication Confer- 
ence, New York, October 1959. 


SLIDING CHARACTERISTICS of 

metals depend upon the strength 
(hardness), weldability, and film 
formation. At high temperatures, 
sliding should therefore be deter- 
mined by the changes in these fac- 
tors with temperature. Loss of 
strength and increased weldability 
with increasing temperature are det- 
rimental to sliding (as for example 
copper and magnesium) and to wear 
rate (as for example aluminum and 
brass on toolsteel). The properties 
of the surface film, however, are 
probably more important. To gain 
a better understanding of the prob- 
lem, tests were run with various 
metals sliding against themselves at 
temperatures up to 1600° F., and 
compared with similar tests on alloys 
containing these metals. 

The apparatus consisted essen- 
tially of a hemisphere sliding on a 
flat plate with a reciprocating mo- 
tion. Load was applied through a 
friction arm, and the friction force 
was recorded by a strain gage trans- 
ducer. The friction arm and test 
specimens checked the temperature. 
Before a test, the specimens were 
thoroughly cleaned and brought to 
temperature under the test load. 
Friction readings were then taken. 
Every 30 min., the temperature was 
changed as the sliding continued and 
further readings were made. At the 
end of the test the specimens were 
microscopically examined. Standard 
test conditions were a load of 4.14 
Ib. and a speed of 0.3 in. per sec. 

The pure metals tested (by rub- 
bing against themselves) were iron, 
copper, cobalt, nickel, chromium, 
molybdenum and zirconium. Iron, 
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DEPENDABLE VAC -A ne Steels 


...for applications requiring high ductility 
and tensile strength up to 285,000 psi. 


Where design demands uniform high strength, toughness and duc- 
tility at both low and elevated temperatures, Vac-Arc Steels more than 
TRANSVERSE TENSILE PROPERTIES meet the requirements. These steels—produced by Latrobe’s consum- 

8” square billet of VAC-ARG DYNAFLEX able electrode vacuum melting process—possess superior cleanliness, 
lower gas content, improved ingot structure and desirable longitudinal 
Property Mid-Radius | Center Area and transverse mechanical properties. 


Compare these data. 


Tensile Strength (psi) | 287,000 | 285,000 The following grades of Latrobe's Vac-Arc steels are available in a 
range of sizes and shapes: Pandex (Type A-286) for high temperature 
Yield Strength 252,500 | 250,000 
2% (psi) applications; MV-1 (Type M-50) and Regent (Type 52100) for critical 
: bearing design; Dynaflex (Type H-11) for aircraft and missile compo- 
Elongation % 8 : nents; AGT (SAE 9310) for carburized aircraft gears. 


Reduction of Area % 25 24 


Many grades of Vac-Arc steels are being produced to meet particular 
Literature available on all Vac-Arc grades application requirements. Send us your specifications or call your 
upon request ... Send today! nearest Latrobe representative for experienced technical assistance, 


made LATROBE, PENNSYLVANIA 


in U.S.A. Branch Offices and Steel Service Centers: 

by BOSTON + BUFFALO + CHICAGO * CLEVELAND + DAYTON + DETROIT 
HARTFORD LOS ANGELES MIAMI MILWAUKEE + NEW YORK 
PHILADELPHIA + PITTSBURGH + SANLEANDRO + TOLEDO 


Skillfally oF LATROBE STEEL COMPANY 
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When you buy temperature 
control equipment, remember 
this very important fact: 
f Hoskins Chromel and Alumel thermocouple alloys are 
y the only base metal materials known which are unconditionally 
guaranteed to register true temperature-emf values within close 
specified limits over the entire operating range from —300°F. 
to +2300°F. And that’s just one of many good quality reasons 
why cost-conscious heat treaters ask for them by name . 


Chromel-Alumel 


THERMOCOUPLE ALLOYS 


MEF OF CHROMEL-ALUMEL 
THERMOCOUPLE ALLOYS 


—300° F. to + 2300° F 
4 Reference Junction + 32° F. 


° 400 $00 ©1200 «41600 «62000 
TEMPERATURE DEGREES FAHRENHEIT 


Available through instrument manufacturers, thermocouple fabricators, 
and pyrometer service companies. Write for complete technical data. 


Genuine Chromel and Alumel are produced exclusively by 
*Trade names you can trust 


for accurate HOSKINS MANUFACTURING CoO. 


temperature measurement! 4441 Lawton Avenue « Detroit 8, Michigan 


Custom Quality resistance, resistor and thermo-electric alloys since 1908 
Circle 1722 on Page 48-A 


Sliding . . . 


copper, nickel, molybdenum and 
chromium pairs behaved similarly, 
the friction and surface damage 
being high initially and then dimin- 
ishing beyond a certain transition 
temperature. The transition tem- 
perature ranges for the respective 
pairs were 100 to 200° F., 400 to 
500° F., 1200 to 1400° F., 800 to 
900° F., and 800 to 1100° F. Molyb- 
denum showed a subsequent increase 
at approximately the sublimation 
temperature (1460° F.) of 
Transition temperatures appeared to 
be associated with the continuous 
re-formation of an oxide film. With 
cobalt and zirconium, sufficient oxide 
was generated at room temperature 
to be beneficial; friction was initially 
low and increased with temperature. 

To check the effectiveness of the 
oxides as lubricants, tests were run 
with a 70% Ni, 15% Cr hemisphere 
sliding against a plate in the pres- 
ence of various powdered oxides. In 
these tests, load was 17 lb., velocity 
was 0.28 in. per sec., and tempera- 
ture was 1300° F. Chromium, 
nickel and iron oxides were brushed 
from the surface by the sliding 
action, galling occurred, and the re- 
duction in friction was slight. The 
remaining oxides of tungsten, cop- 
per, zirconium, cobalt, molybdenum 
and lead formed soft continuous 
solid films, and gave appreciable re- 
ductions in friction. Of these, lead 
oxide gave the lowest friction; tung- 
sten oxide gave the highest, but no 
surface damage to the slider or flat 
was observed. These results illus- 
trate the advantages of soft continu- 
ous oxides, but do not explain the 
behavior of nickel and zirconium 
whose oxides are harder than the 
base metals. In such instances, it is 
suggested that oxide is sliding upon 
oxide. 

A final series of tests was made on 
certain nickel-base and_ iron-base 
alloys — 70% Ni, 15% Cr alloy tool- 
steel, S.A.E. 1020 steel, 62% Ni, 
28% Mo alloy, cast 65% Ni, 28% Cu 
alloy, and Types 310 and 440 stain- 
less steels. The results were then 
compared with data previously ob- 
tained on the pure metals. The tool 
steel and S.A.E. 1020 showed 
marked similarity to the behavior of 
pure iron. The 70% Ni, 15% Cr 
alloy showed some similarity to the 
behavior of pure nickel, the 62% Ni, 
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thwest Brand 


i 2 SOUTHWESTERN | METAL EXPOSITION 


This is a regional event of national significance, important to YOU because it demonstrates new 
developments, new tools, new techniques and processes . . . important to YOU because 
it brings into focus every ingredient of the Southwest's upsurge in industrial progress. 
Dallas is a convenient centerpoint in 4 vast industria! trade area that spans a 600-mile 
radius from Albuquerque to St. Louis to Girmingham .. . so Dallas is the place to be in 
May of 1960 for an opportunity to increase your knowledge of metals and processes . . 
to attend important technical sessions of ASM and the Society for Nondestructive Testing. 
Tour the colorful exhibits of leading southwestern and national firms. Plan now te attend. 


At 
AMERICAN SOCIETY FOR METALS was 
AY, 


Metals Park * Novelty, Ohio New York =} Xtord 7-2 
Chev gland 
(Nov 


MAY 1960 
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LABORATORY TUBE FURNACES 


For carbons and sulfurs at high temperatures 


determination of 
“carbon and sulfur by | 


operate. at the highest 
temperatures 


for Ease of Access 
Instrument panels pull out for ease 
inspection, parts replacement 


Drawe r-Type aa 


servicing when necessary. 
All electri¢é components are 


Cat. No. FURNACE Price 
24-934 One-Tube Furnace, Model H-1-9 675.00 
24-944 Two-Tube Furnace, Model H-2-9 700.00 
24-954 Four-Tube Furnace, Model H-4-9 1000.00 


For use with 115 or 230 volts, 60 cycle, as specified. 
Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 310 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 


2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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Sliding . . . 


28% Mo showed some similarity to 
pure molybdenum but not to pure 
nickel, and the cast 65% Ni, 28% Cu 
alloy showed slight similarity to pure 
copper, but not to pure nickel. 

On the basis of these limited data, 
it was concluded that there was 
some correlation between the fric- 
tion properties of the alloys and 
those of the major constituents. Also, 
that a reduction in friction occurred 
at a temperature sufficient to pro- 
mote oxidation of the least oxidation 
resistant component. No values were 
given for the stainless steels, but it 
was reported that the Type 310 
showed a slight increase in friction 
at the high temperatures due to 
thermal softening, whereas the Type 
440 showed some reduction. 

R. C. A, THurston 


Grain Boundary Structure 


Digest of “Structure of Fer- 
rite Boundaries”, by V. N. Grid- 
nev, Metallovedenie i Termich. 
Obrabotka Metallov, No. 1, Jan- 
uary 1959, p. 19-25. 


IS PAPER IS an interesting study 

of the etching characteristics of 
the grain boundaries of low-carbon 
iron and low-carbon iron alloys. The 
author indicates that the observed 
results can be explained by assuming 
that the grain boundaries of ferrite 
are austenite. 

Samples of a 0.13% C steel were 
tempered at 720° C. (1340° F.) for 
1 hr., water quenched, sectioned, 
polished, and etched in 2% nital. 
At 2200 x, a second light etching 
phase was visible at the grain bound- 
aries. On tempering, this phase 
darkened. Samples of other alloys of 
iron were quenched and tempered; 
these also showed dark etching 
grain-boundary layers. The width of 
the boundary zones increased with 
the time of etching. No attempt 
seems to have been made to identify 
the grain-boundary phase which one 
assumes must be the carbide, phos- 
phide, and columbium intermetallic 
compound. Later discussion and 
conclusion in this paper would have 
been aided if photomicrographs had 
been given of the as-quenched as 
well as the tempered structures. 

Using published work as a base, 
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On Inert Gas Producers, also... 


Willa SPENCER Blowers 


Another one of many critical applications where SPENCER blowers are preferred because 
of their: 

NON-CONTAMINATION FEATURE—Delivery of clean air is assured. Absence of any inter- 
nal lubrication (all bearings are outside of casing) means air cannot become contaminated. 
COMPLETE DEPENDABILITY—Simplicity of design (lightweight impellers the only moving 
parts) and ruggedness of construction greatly lessen likelihood of service being needed. 
Proven performance promises uninterrupted service ...thousands of Spencer blowers 
have been in operation for many years with no maintenance or repair required. 


COMPACTNESS—Solidly constructed . . . with no unnecessary bulk. 


Spencer 25 H.P. blower on Kemp inert gas producer. 


ALSO MANUFACTURERS OF: 


PNEUMATIC INSTALLED PORTABLE 
CONVEYING SYSTEMS VACUUM SYSTEMS VACUUM CLEANERS 


Request Catalog #126B containing complete 
specifications on Spencer blowers, 
available in standard capacities of: 

¥, to 1,000 H.P. 

Up to 20,000 C.F.M. 

4 oz. to 10 Ibs. pressure 


SPENCER 


EISPENCER URBINE COMPANY 
4ARTFORD 6, CONNECTICUT 
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Grain Boundry . . . 


the author states that the boundary 
layers are: 

1. Formed at temperatures at 
which the rate of diffusion of sur- 
face-active impurities is high. In 
Fe-C alloys these layers form at 550 
to 660° C. (1020 to 1110° F.). 


2. Formed during both short and 
long subcritical holding; they are 
also observed in annealed alloys and 
welds. 

3. Decomposed by holding the 
quenched alloy at room temperature. 
Because this decomposition gives a 
highly dispersed phase, the etched 
structure becomes darkened.  In- 
crease of the tempering temperature, 


temperature rang 


from wide range ovens... to roll 


Sunbeam makes the right furnace equipment 


er hearths 


for every heat processing need! 


The need may be for a small Wide Range Oven to heat treat small parts over a broad 
e. Or for a large Roller Hearth Furnace to heat process parts con- 


tinuously. 


Between these two examples, lie all kinds of re 


range of needs, Sunbeam makes every 


from a single furnace to an entire production line . . 


Whether you're planning for an expansion, 
it will pay you to call in your near- . 
f every furnace in the Sunbeam line ... 
ipment. For more information write 


equipment ... 
knows the performance possibilities o 


he knows what can be done with special furnace equ 


Sunbeam Equipment Corporation, 194 Mercer Street, Meadville, Pennsylvania. 


INDUSTRIAL 
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quirements. To meet the broad 
type of furnace equipment for all industry— 
. with any degree of automation. 


building a new plant or replacing 
by Sunbeam representative. He 
and, 
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320 to 350° C. (610 to 660° F.), 
results in noticeable coalescence of 
the finely dispersed phase. Heating 
above 500 to 550° C. (930 to 1020° 
F.) restores the layers with partial 
or complete solution of the previ- 
ously precipitated phase. 

According to the author, magnetic, 
dilatometric and mechanical tests in- 
dicate that the layers are austenite. 
No details or results of these tests 
are given in the paper. However, 
reference is made to electron micro- 
scopy work at Cambridge which re- 
ports the presence of austenite. 
Electron diffraction results showed 
that the austenite formed at the 
boundaries of low-carbon steel con- 
tains carbon in the range 0.85 to 
1.7%. 

On tempering, the austenite first 
decomposes and then reforms at the 
higher tempering temperature. The 
same behavior, however, could be 
observed if the layers were marten- 
site, which on tempering at 350° C. 
(660° F.) decomposes. Then, at 
temperatures in the range 500 to 
550° C. (930 to 1020° F.) the pre- 
cipitate redissolves, to follow the 
behavior of a secondary hardening 
steel. Of course, on tempering to a 
still higher temperature the carbides 
would be precipitated again. 

The author carried out impact 
tests on two alloy structural steels A 
and B (no chemical composition 
given). Steel A was quenched from 
930° C. (1705° F.) in water and 
tempered at 640° C. (1185° F.) for 
1 hr., and at 480° C. (895° F.) for 
3 hr. Steel B was oil quenched 
from 920°C. (1690°F.) and then 
tempered for 3 hr. at 500° C. (930° 
F.). After tempering, both steels 
were water quenched. Both the 
steels were found to be temper 
brittle. Double tempering induces 
decomposition of the austenite in 
the layers with the formation of 
troosite or martensite (metastable 
phases). The reversibility of temper 
brittleness will have to be explained 
by re-formation of austenite, but in 
this instance the impact properties 
of the re-tempered steel should be 
comparable with the as-quenched 
alloy (where grain-boundary layers 
of austenite are present). 

The paper is quite interesting and 
provocative and does take a new 
approach to the explanation of the 
grain-boundary phenomena. 

W. A. Morcan 
(More digests on p. 202) 
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Modern welding Processe 
yam like these demand a 


} 


_ modern power supply 


ad 


Short Arc ‘Submerged Arcam 


Never underestimate the importance of the power 
supply to the proper operation of today’s improved 
welding processes. 


it Weld quality, appearance, speed and economy all 
a depend on matching arc characteristics to the re- 

> quirements of the process and the material. If your 
— | power supply can’t produce the required character- 
aa istics, you’re sure to lose some or all of the perform- 


ance you want. 


Glenn Pacific, working closely with major welding 
process development engineers, has kept pace with 
process requirements. For example, GLENN con- 
stant voltage power supplies with linear slope con- 
trol have solved major problems in MIG and Short 
Arc welding on aluminum and ferrous alloys, and 
many exotic “space age” metals. 


Get the facts now about GLENN Power Sup- 
plies matched to your welding needs—you'll be 
hours and dollars ahead! For details, please 
address Dept. 136. 


GLENN PACIFIC 


Glenn Constant Voltage Power Supply POWER SUPPLY CORPORATION 
with Stepless Vernier Slope Contro/ 703-37th Avenue « Oakland 1, California 
Originators of CV Power Supplies 
° Eastern Office Midwestern Office 


221 Dukes Rd., Rahway, N. J. 640 So. York, Eimhurst, Ill. 


3 GLENN Balanced Wave Power Supply for TIG Welding * GLENN samial 
x and Stud Welder Power Supply 3 GLENN Arc Gouger Power Supply GLENN | 


Constant Potential Welder for “Gang” Manual Welding GLENN Industrial 
Power Supplies and Heavy Duty Variable Voltage Transformers 
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Two 15,800 pound Finkl dies for 
precision aircraft forgings 


DIE BLOCKS made with Finkl 
vacuum degassed EF steels have 
greater ductility and toughness. This 
means that the chances of breakage 
under severe operating conditions is 
reduced. More production time is 
made available. With about 50% of 
the non-metallic inclusions removed 
from the steel, machineability is im- 
proved. Fewer tool regrinds are nec- 
essary. Higher lusters are obtainable 
in the impressions. 

- We supply 5 types of pre-hardened, 
ready-to-use die blocks, inserts and 
hot work tools in Special Machining 
Quality steel. 


FINKL Vacuum Degassed | 
DIE BLOCKS and FORGINGS 
give longer service life! 


36,000 pound die holder for use in titanium 
production, completely machined by Finkl 


FORGINGS by Fink! are famous 
for their strength and resistance to 
withstand the severe stresses and 
strains imposed by modern heavy- 
duty machinery. Now available on 
request are Finkl vacuum degassed 
EF alloy steel forgings. The degassed 
steel adds even greater toughness 
and ductility to the forging, and 
the cleaner steel substantially in- 
creases tool life. 


We also furnish forged parts of 
carbon steels in smooth forged, 
rough- or finished—machined con- 
dition. 


FORGE REPAIR PARTS with the advantages of Finkl vacuum degassed 
EF alloy steels are also available on request. 


A.Finki&SonsCo. 


2011 SOUTHPORT AVENUE * CHICAGO 14, ILLINOIS 


Offices in: DETROIT + CLEVELAND + PITTSBURGH + INDIANAPOLIS 
HOUSTON + ST. PAUL * COLORADO SPRINGS + SAN FRANCISCO 
SEATTLE BIRMINGHAM KANSAS CITY BOSTON LOS ANGELES 


Warehouses in: CHICAGO + DETROIT + BOSTON + LOS ANGELES 
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Thin Foil Studies 


Digest of “Observations of 
Dislocations in Metals by Trans- 
mission Electron Microscopy”, 
by J. B. Hirsch, Journal, Insti- 
tute of Metals, Vol. 87, 1958-9, 
p. 406-418. 


IRANSMISSION ELECTRON MICRO- 

scopy was used first in 1956 to 
observe dislocations in thin metal 
foils. Since that time two general 
lines of research have been followed. 
Studies have been made of disloca- 
tion movement and interaction and 
of dislocation distribution following 
deformation, fatigue, quenching or 
radiation damage. 

As for technique, metal foils a few 
thousand Angstrom thick are trans- 
parent in the high-voltage electron 
microscope. Under these conditions, 
dislocations are revealed as lines by 
a Bragg diffraction contrast mecha- 
nism. Specimens for these studies 
have been prepared by'two methods: 
Thin metal films have been evapo- 
rated or electroplated or thin foils 
have been prepared by chemical 
etching or electropolishing bulk 
materials, 

Dislocations found in these thin 
foils must be assumed to be repre- 
sentative of those in the bulk metal. 
In certain deformed polycrystalline 
face-centered cubic metals, the dis- 
tribution of dislocations has corre- 
sponded exactly with that inferred 
from X-ray microbeam studies of 
bulk specimens. Other experimental 
evidence indicates that the observed 
distribution of dislocations in thinned 
specimens is, in fact, fairly repre- 
sentative of that in bulk material. 

It is possible, however, that small 
rearrangements of dislocations do 
occur on thinning. Isolated dislo- 
cations may also reorient themselves 
into a direction traversing the foil 
from top to bottom. In these in- 
stances, movement is influenced by 
an interaction with the foil surfaces. 
Movement in foils is also character- 
istic and may differ from that in the 
bulk materials. 


Fundamental Dislocation Properties 


In micrographs, dislocations ap- 
pear as lines which are the projection 
on the plane of the foil of disloca- 
tions which run through the foil 
from top to bottom on an inclined 
slip plane. When these lines are 
bowed, dislocations are pinned at 
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Typical of many performance-proved 


PERECO TUBE FURNACES 


— that may be the more efficient answer to your needs 


To consult us might very well be the 


answer to solving some of your current 
processing problems; or result in substan- 
tially reducing your processing costs. 
Others have found this true! Their records 
prove it! And, if one of our many standard 


units—in temperature ranges to 5000°F—. 


and years of specialized experience to offer 


required modifications; or to design a unit 
specifigally to solve your problem. For this 
reason, leading companies in practically 
every field have learned to depend upon 
us-—and repeatediy solicit our counsel in 


Above Wide range, precision control of 
temperatures up to 2800°F., of a 30” long 
hot zone, is provided by three separate con- 
trolled zones in this Model MTX-530 fur- 
nace. Gasketed metallic seals at both ends 
of the 542” I.D. impervious Mullite tube 
(surrounded by silicon-carbide elements) in- 
sure gas-tight closure of work chamber. 
Loading end provides preheat zone. Un- 
loading end has water cooled jacket and 
provisions for connecting a vacuum system 
to draw a vacuum in the tube for gas-free 
atmosphere. 


not the solution, we have the breadth 


or vertical designs available. 
J 


Above This carbon-resistor type tube 
furnace (Mode\ CT-312), designed for re- 
search in ceramics or refractory metals 
maintains plus of minus 20°F up to a 
maximum of 5000°F. Choice of heat-up 
rate —rapid or siow. A completely inte- 
grated “package” including saturable 


reactor power and temperature controi, 


with desirable fail-safe features. Ho 


the field of electric furnace requirements. 
Give us a call 


Above Model RT-472 Rotary Tube calcin 
ing or sintering furnace normally operates 
to a maximum of 2500°F and incorporates 
a 44%” |.D. x 72” long impervious Mullite 
ceramic tube: a ruggedly constructed gear- 
ing mechanism for variable tube rotational 
speed (0 to 6 rpm) and a simple arrange- 
ment for changing the degree of tilt to 
control the through-rate of powder-like 
materials of varying grain sizes, from 
entrance to exit end of tube. 


For processes calling 
for close control 


Right Vertically mounted KANTHAL SUPER ele- 
ments develop operating temperatures to 
1575°C in this Model MTKS-312 vertical tube 
furnace. A 3” 1.D. x 30” impervious Mullite tube 
provides 12” long hot zone. Vertical-lift, 
counterbalanced loading column is manually 
operated. Reactor “package”, strip chart re- 
corder and controls are on separate panel. 


Pereco’s Line offers many other 
tube furnace types and sizes. 


PERENY EQUIPMENT CO., INC. 


of a wide 


temperature 
range up fo 


5000°F. 


Dept. Q,893 ChambersRoad 12, Ohio 
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Economy 
Use 


For Service Contact... 
CONNECTICUT 
Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable tron Co., Naugatuck 
New Haven Malleable Iron Co., New Haven 4 
DELAWARE 
Eastern Malleable Iron Co., Wilmington 99 
ILLINOIS 
Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malleable tron Co., St. Charles 
National Mall. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co., Peoria 1 
Wagner Castings Company, Decatur 
INDIANA 
Albion Malleable Iron Company, 

Muncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 


IOWA 

lowa Malleable tron Co., Fairfield 
MASSACHUSETTS 

Belcher Malleable Iron Co., Easton 
MICHIGAN 

Albion Malleable Iron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 


Cadillac Malleable tron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 
Northern Malleable tron Co., St. Paul 6 
MISSISSIPPI 
Mississippi Malleable Iron Co., Meridian 
NEW HAMPSHIRE 
Laconia Malleable Iron Co., Laconia 
NEW YORK 
Acme Steel & Mail. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

astern Malleable tron Co., Solvay 
Oriskany Malleable tron Co., Inc., Oriskany 
Westmoreland Mall. Iron Co., Westmoreland 
OHIO 


American Malleable Castings Co., Marion 

Central Fdry. Div., Gen. Motors, Defiance 

Dayton Mall. tron ‘Co., Ironton Div., Ironto 

Dayton Mall. tron Co., Ohio Mall. Div. Columbus 16 
Maumee Malleable Castings Co., 

National Mall. and Steel Castings i Cleveland 6 


PENNSYLVANIA 

Buck tron Company, Inc., Philadelphia 22 
Erie Malleable Iron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton ; 
Meadville ble Iron 
Pennsylvania Malleable Iron Corp., Lancaster 
TEXAS 

Texas Foundries, Inc., Lufkin 

WEST VIRGINIA 

West Virginia Mail. Iron Co., Point Pleasant 
WISCONSIN 

Belle City Malleable tron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, Inc., West Allis 14 


Kirsh tang Inc., Beaver Dam 


Lakeside Malleable Castings Co., Racin 
Milwaukee Malleable & Grey iron Works, Milwaukee 46 


These companies are members 
of the Malleable Castings Council 
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the surfaces. Local stresses are often 
sufficient to cause dislocations to 
move. All of these movements cor- 
respond to glide on the slip planes. 
When this occurs, a trace appears 
on the surface which is a projection 
of the slip plane on the surface of 
the foil, the contrast being attributed 
to local strains at the interface be- 
tween the metal and a surface film. 
In aluminum these slip traces dis- 
appear in about 10 sec., presumably 
as a result of relaxation, but they 
persist much longer (if not indefi- 
nitely) in stainless steel. 

The traces observed in face- 
centered cubic metals indicate that 
dislocations glide on (111) planes. 
Their motion is jerky, the velocity 
of an individual jump being too fast 
to be measured. The average rate 
of movement depends on the fre- 
quency of unpinning at the surface. 
These things all are a result of strong 
interaction between dislocations and 
the surface. Thus, the nature of the 
surface can strongly affect the me- 
chanical properties. 

In face-centered cubic crystals, 
dislocations are expected to be split 
into partials with a ribbon of stack- 
ing fault between them. Suitable 
stress may drive them apart form- 
ing a wide stacking fault. 

In the face-centered cubic lattice, 
screw dislocations dissociate on 
(111) planes, and lower the energy 
by forming ribbons of stacking fault 
bounded by partial dislocations. 
Screws could also cross slip from 
one (111) plane to another. This 
cross slip has been observed fre- 
quently in aluminum, copper, silver, 
gold and nickel, but not on stainless 
steel or alpha brass. This is con- 
sistent with their stacking fault 
energies. 

After a few percent deformation in 
stainless steel, dislocations appear 
in a typical network. They pile up 
on slip planes against a grain bound- 
ary, and, by interaction of intersect- 
ing slip planes, form hexagonal net- 
works. When interactions cannot 
glide and are confined to (110) 
planes, they lead to the forma- 
tion of networks which are stable 
when the applied stress is removed. 

Theory predicts that as a result 
of the dissociation of dislocations in 
the face-centered cubic system alter- 
nate nodes of a network should be 


extended and retracted. Observa- 
tions have corroborated this. The 
ribbons of stacking faults usually are 
not wide enough to be observed 
directly, but the triangles are con- 
siderably wider and can be seen. 
Size of the triangles depends upon 
the stacking fault energy. 

In pure aluminum, heavily de- 
formed at room temperature, dis- 
locations are arranged mainly in 
sub-boundaries of various types. The 
misorientations, as determined from 
diffraction patterns, are those which 
would be expected from the nature 
and size of the dislocation array. 

Dislocation loops can be formed 
by the collapse of disks of vacan- 
cies resulting from condensation of 
these defects in a quenched metal. 
Two types of loops are to be ex- 
pected in a face-centered cubic lat- 
tice. Dislocations may climb either 
by absorbing or emitting point de- 
fects at jogs. If point defects are 
absorbed by screw dislocations, 
helices are formed. Dislocations take 
up lower energy configurations by 
climbing. Prismatic loops thus de- 
crease and then vanish by emitting 
vacancies. 

Dislocations in metals of low 
stacking fault energy are arranged on 
slip planes either as pile-ups for small] 
deformations or as interaction net- 
works with other slip planes. Also, 
dislocations are nucleated frequent- 
ly at the edge of foil specimens. 
This requires lower stresses than 
those required in the bulk material. 


Distribution of Defects 


Dislocation distributions have 
been studied in several metals. In 
stainless steel and alpha brass they 
occur in pile-ups on slip planes. On 
polycrystalline copper, silver, gold, 
and nickel, they occur in irregular 
networks in localized regions rare- 
ly with pile-ups. In aluminum, 
the arrays are similar, but with 
large deformations they occur on 
sub-boundaries separating relatively 
dislocation-free sub-grains. 

Differences in dislocation distri- 
bution correlate with the difference 
in stacking fault energy. Correla- 
tion in terms of cross slip of screws 
probably is valid, but the importance 
of edge climb is not certain. 

Aside from the face-centered cubic 
metals, iron seems to have received 
the most detailed study. After de- 
formation, dislocations occur either 


METAL PROGRESS 


"4 
. 
| 
a 
: 
? + 
(f 
: 
204 
\ 


lilustration of Malleable casting being turned ot 1,400 surface feet per minute with a 0.100’’ depth of cut using an oxide tool. 


Cut Machining Time and Costs...Use ( Malleable 


It's the finished cost of machined components Find out how much you can cut your finished parts 
that's important to you. Remember then.. . Mal- costs. Contact any nearby Malleable castings pro- 
leable iron is the most readily machinable of all ducer who displays this symbol— 
ferrous metals of similar properties. With Malle- 

* able castings you'll reduce machining time as MEMBER 
much as 50%... . increase tool life up to 250%... 


get unexcelled surface finishes. 


For detailed information on ‘‘Machinability of Malleable Castings'', contact any of the progressive companies 
listed on the opposite page, or Malleable Castings Council, Union Commerce Building, Cleveland 14, Ohio. 


Mast 4s ou N 
2 NGs C 4 
& 


e@ When progressive production people at General 
Railway Signal Company installed a 200 kw, 3000 
cycle TOCCO machine, they were able to eliminate 
7 slot-type oil-fired furnaces and produce better forg- 
ing than ever before—at substantially lower costs. 


Cost Down— Fuel costs have been reduced from $15.26 
to $1.60 per hour with TOCCO. Expensive furnace lin- 
ing maintenance has been eliminated, and straightening 
and reheating operations formerly required are no 
longer necessary. 

With oil-fired furnaces all steam hammer operators 
needed helpers. With TOCCO most of these helper 
operations have been eliminated. 


TOCCO’s fast, automatic operation produces almost 
no scale and achieves uniform temperatures through- 
out the entire cross section—improving the quality of 
the forgings and providing increases of up to 400% in 
the life of the forging dies. 

Overall production costs in the forge shop at G.R.S. 
have been reduced an impressive 35%! 


Flexibility— Production runs at G.R.S. range from a 
low of 15 pieces to a high of over 50,000. Parts from 
4 pound to over 25 pounds are heated, merely by 
changing inductor coils and power control settings. 


200 Parts 


Heated for 


Better, Faster and at Much Lower Cost 


Better Working Conditions—TOCCO makes the 
forge shop a better place to work by doing away with 
noise, dust, dirt, smoke and radiant heat and gases 
produced by old fashioned furnaces. 

If you’re looking for a way to produce similar results 
in your plant, it will pay you to consult a TOCCO 
Engineer. 


Mail Coupon Today—> 
The Ohio Crankshaft Co. » Dept: R-5, Cleveland 5, Ohio 
Please send copy of “Typical Results of TOCCO Induction Heating 
for Forming and Forging”. 
Name 
Position 
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PROVEN FACTS 
Reduce your heat treating costs with an automatic AGF 


R otary R etort F ULNACE — Continuous Rotary Retort Furnace... the furnace with the 


BUILT-IN feeder hopper. 


No production requirements are too smail or too large... 
SIZES AVAILABLE FROM 100 LBS. PER HOUR TO 2000 LBS. 
PER HOUR... These versatile, positive feed furnaces can 
handle batches of different parts with only a slight inter- 
ruption in feeding. 


A wide range of rotary furnace models permits us to supply 
a Standard furnace with only slight modifications to suit 
your specific installation requirements ... Standardized de- 
signs mean lower furnace cost in terms of dollars per pound 
of work capacity. 


_ Write us today regarding your requirements. — 


Rotary Retort Furnace 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE STREET + ELIZABETH 
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Kennametal can be supplied as standard rectangular blanks, discs, rods, tubes, flats, balls, rings oie 
and can be extruded, pressed, machined or ground...to precise tolerances for specific requirements. 


When other materials won’t do 
KENNAMETAL ‘usually will 


High hardness and strength; resist- 
ance to abrasion, corrosion and 
high temperatures set Kennametal 
hard carbide alloys apart from all 
other design materials. 


e Kennametal has an extremely 
high YME .. . up to 94 million 
psi compared to steel’s 30 million. 

@ Some grades of Kennametal have 
a density as high as 15.5 gms/cc 
. . . twice that of heat treated 
steel . . . while other grades stand 
up for days in boiling 5% HNOs 
and 5% H2SOs. 

e Kennametal is extremely hard... 
up to 94.7 Rockwell A. 


e Kentanium,”* a series of hard tita- 
nium carbide alloys, retains suffi- 
cient strength for many applica- 
tions at temperatures as high as 
2200°F. 


See our display 
BOOTH 1305 


DESIGN 
ENGINEERING 
SHOW 


New York Coliseum 
May 23-26 


Very broad applications have been 
found for these remarkable charac- 
teristics: long-wearing plungers, 
compressor cylinder liners, seal 
rings for rotary pumps, bushings, 
valve parts, high temperature sen- 
sor elements and hundreds of other 
critical component parts are being 
made from Kennametal. 

Pushing design frontiers ahead 
means forcing back the barriers of 
wear, pressures and temperatures. 
For example, a pump manufacturer 
recently used Kennametal to obtain 
a large pumping capacity from a 
small pump. Using Kennametal for 
critical operating parts permitted 
faster speeds and higher pressures, 
without increasing pump size. A 
simple answer, but made possible 
only by the great wear- and corro- 
sion-resistant characteristics of 
Kennametal. 

Perhaps Kennametal can solve 
one of your problems. If you’d like 
more information, write for our 
Booklet B111A, Department MD, 
KENNAMETAL INc., Latrobe, Pa. 
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in fairly regular networks or ir- 
regular arrangements. There is 
doubt that they are split into par- 
tials on (211) planes. Screw dis- 
locations appear to be able to 
move parallel to themselves along 
noncrystallographic paths. 

The relation between dislocation 
distribution inside a bulk metal and 
plastic deformation is a very im- 
portant problem. An investigative 
technique in which the metal, after 
deformation, is thinned by electro- 
polishing from one side only has 
been able to reveal simultaneously 
slip lines and dislocations in the in- 
terior. It also shows the magnitude 
of slip on slip planes by steps at 
the edges of the thin foil. 

After low stress fatigue in 
aluminum, dislocations are arranged 
in highly irregular dense networks 
with little tendency for sub-grain 
formation. With large stresses, the 
sub-grain formation is present. As 
inferred from previous X-ray studies, 
dislocations in undirectionally de- 
formed or fatigued specimens may 
differ with low stresses. Results 
also suggest that large numbers of 
point defects are created in fatigue. 

Drastically quenched aluminum 
contains many prismatic loops which 
are formed by condensation of 
vacant lattice sites into disks which 
collapse to form these rings. No 
loops were observed near grain 
boundaries indicating that such 
boundaries can act as sinks for 
vacancies. 

There is little doubt that on 
quenching from high temperature 
most of the vacancies anneal out 
by precipitating to form loops or 
tetrahedra. In quenching from low- 
er temperatures, however, these 
processes may be more important. 
Quench hardening is presumably 
due to the interaction between mov- 
ing dislocations and these defects. 

Prismatic dislocation loops have 
been observed in quenched alumi- 
num alloys containing solid-solution 
constituents. The density of the 
loops decreases with increasing so- 
lute content suggesting that most 
of the vacancies “quenched in” in 
association with solute atoms. The 
solubility of vacancies increases in 
the order of increasing mobility of 
solute atoms. With decreasing 
quenching temperature and increas- 
ing solute, most of the vacancies 
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Boeing 
brazed 
haneycomb 
panels 
in ta 

minutes!» . 


5 


RAPID-HEATIN 
PLATEN FURNACE 


In operation since March 1959, 
this gas fired Pacific Platen 
Furnace has provided Boeing 
Airplane Company with a super- 
fast method for brazing honey- 
comb. Teamed with a Boeing 
ress quench, the Pacific furnace 
~ brazed three by six foot 
steel honeycomb panels within 
14 minutes after the start of the 
heating cycle with thermal gra- 
dients as small as +15°F. at 
1675°F. 
Charging and discharging opera- 
tions are swift and simple. The 
furnace door opens in two sec- 
tions to save seconds and the 
honeycomb retort is withdrawn 
into the press quench positioned 
directly in front of the furnace. 
Here the honeycomb is rapidly 


quenched to room temperature. 


The press quench brazing tech- 
nique eliminates use of graphite 
reference forms; therefore, much 
swifter heating can be achieved. 
Two banks of flat flame burners 
with eight burners in each bank 
bring the furnace up to heat 
in a hurry. Total capacity is 
8,000,000 BTU/Hr. 
Pacific engineers worked in co- 
operation with Boeing to produce 
this excellent solution for fast 
honeycomb brazing. If you have 
a similar need or a heat treatin; 
‘ag ees of any kind, Pacific wi 
happy to work with you to 
provide the best furnace to fit 
your needs. 


Call or write now for further 
information. 


SEE PACIFIC AT THE SOUTHWESTERN 


# TRADE MARK 


METAL EXPOSITION IN MAY AT DALLAS! 


Boeing press quench, shown in front of 
Pacific Furnace, shapes and quenches 
honeycomb assemblies in one operation, 
eliminating graphite reference forms. 


FURNACE FEATURES INCLUDE: 
@ Temperatures to 2350°F. 
@ 8,000,000 BTU/Hr. capacity 
@ Removable heating sections 
@ Two zones of control 


; GAS OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 


PACIFIC SCIENTIFIC COMPANY, P.O. Box 22019, Los Angeles 22, Calif. 
0 Please send me © Please sendme ([) Please send mea 


. information on ag 4 of your new catalog 
custom designed ng Catalog. and full information on 
LOS ANGEL ES furnaces. Pacific Heat Treating 
SAN FRANCISCO Equipment. 


PACIFIC SCIENTIFIC COMPANY 


Creative Development 
and Manufacturing 
in Furnace Design 


BAN CIEGO 
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EVEN ON THIS 
EXTRA-TOUGH JOB... 


HIGH-STRENGTH STEEL 
TRIPLES TRUCK LIFE! 


Hour after hour, around the clock, the Edward C. Levy Slag 
Company, Detroit, keeps forty 45-ton trucks working under 
severe conditions. Nearly 30 tons of hot slag are loaded, lifted and 
dumped on every trip. Each time, the truck body must stand 
the sudden shock of drop loading, the stress of lifting that load 
and the grinding abrasive action as it empties. 


How long can a truck body take such a beating? 


Until the company (which designs its own trucks) discovered 
N-A-XTRA high-strength steel, they used ordinary carbon steel, 
good for about 18 months’ service. Though the truck bodies were 
as strong as they could be and still carry an adequate payload, 
maintenance was almost continuous—with breaks, dents, dings 
and sags occurring almost from the start. 


Then they fabricated eight bodies out of N-A-X TRA, which has 
a minimum yield strength nearly three times greater than mild 
carbon steel. These trucks carry the same payload and after 18 
months’ service still look almost new. Owners estimate a life of 
five years, more than triple the others— with far less maintenance. 
The extra strength of N-A-XTRA also permits a strong floor 
that needs no expensive reinforcement to support the load against 
hydraulic lift action. 


Eventually, all forty Edward C. Levy trucks will be made of 
N-A-XTRA high-strength steel. In fact, all patches and section 
replacements are now made with N-A-XTRA. 


Tons of hot, abrasive slag may not be your problem—but the 
same steel that mastered these conditions is the one to remember 
when only the strongest steels will do. Rugged conditions, heavy 
loads and weight-saving construction are challenges that 
N-A-XTRA is designed to meet and beat. With excellent weld- 
ability, formability and toughness, these quenched and tempered 
N-A-XTRA steels are available in four levels of minimum yield 
strength, from 80,000 to 110,000 psi. They can also be supplied 
to higher levels of mechanical properties. 


NAXIRA 


A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 
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DESIGN NOTE: 
Panels and floors for these trucks, designed by Edward 
C. Levy Slag Co., were fabricated of N-A-XTRA 100 
(100,000 PSI minimum yield strength) from plates 
346"-2" thick. Standard flame cutting procedures were 
used. Side frames were cold-formed of N-A-XTRA 100 
from 3%" plate, using both skip (6" weld, 6” skip) and con- 
tinuous welds. Performance to date has been equal, in- 
dicating additional savings through skip welding. 


For full technical information on N-A-XTRA high- 
strength steels, write Great Lakes Steel Corporation, 
Detroit 29, Michigan, Dept. E-9. 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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fired 


PACKAGED 
AIR HEATERS 


by THERMAL 


Extreme compactness, high efficiency and 
versatility of operation are the chief 
characteristics of the THERMAL Type CA direct 
fired air heater. Designed around the high 
velocity THERMAL burner, it normally requires 
no refractory, since combustion is limited almost 
entirely to the burner itself. Adding to its 
versatility, the CA air heater performs equally 
well on gas, oil or combination firing and can be 
adapted to all pressure levels. 


Type CA air heaters are most frequently sold as 
‘‘packaged”’ units complete with all necessary 
safety and control apparatus. These units will 
provide outputs ranging from 200,000 BTU/hr 
to better than 30,000,000 BTU/hr and at 
temperatures from 300F to 1500F or higher. 


TYPICAL SIZES... 


Listed below are the overall dimensions of a few 
of the dozens of output, temperature, and flow 
combinations possible in these heaters. Figures 
are for atmospheric pressure units. Higher 
pressure heaters would be smaller. 


AIR FLOW | TEMP. IN | TEMP. OUT A B Cc 

BTU/hr scfm ft. ft. ft. 
800,000 1,000 60 750 F 2% 4% a 
2,500,000 5,000 60 500 F 4 7 6 
4,000,000} 16,000 700 900 F 7 11 8 
10,000,000 8,500 60 1,000 F 5% 10 8 
15,000,000 | 10,000 60 1,200 F 6 12 8 


Write for Bulletin =112 


THERMAL 


Thermal Research & Engineering Corp. 


CONSHOHOCKEN PENNSYLVANIA 
REPRESENTATIVES IN PRINCIPAL CITIES 


& Services: 


Gas, Oil & Combination 
Burners 

Heat Exchangers 

Gas Generators 

Submerged Combustion 

Combustion & Heat 
Transfer Equipment 
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are retained in solution, but some 
precipitate on screw dislocations 
changing them to helices. 

The annealing of dissolution loops 
in aluminum recently has been 
studied with a heating stage in the 
electron microscope. The tempera- 
ture at which the loops vanish agrees 
with that at which the residual re- 
sistivity annealed out, thus indi- 
cating that residual resistivity is 
due to loops. 

The disorder produced on a metal 
by neutron or alpha particle radia- 
tion has also been studied. Alumi- 
num radiated with neutrons at 
—196° C. (—125° F.) contained 
loops and jogged dislocations. Cop- 
per radiated with a sufficient neutron 
dosage at room temperature first 
showed point defects. With further 
dosage, a high concentration of larg- 
er loops cause the radiation harden- 
ing effect. 

The transmission electron micro- 
scope technique provides a power- 
ful tool for the study of the nature, 
properties and distribution of dis- 
locations and other defects. It also 
makes possible studies of the proper- 
ties of individual dislocations such as 
glide, climb and interaction and 
the nature of defects as a function of 
treatment the specimen received. 
R. L. ANDERSON 


Bright Anodizing 
Aluminum 


Digest of “Bright Anodizing 
by the Modified Erftwerk Pro- 
cess”, by R. Peek and A. W. 
Brace, Electroplating and Metal 
Finishing, March 1958, p. 71-76. 


(['HE EXPANDING USE of aluminum 
for trim items keeps alive interest 
in bright finishing methods. Chem- 
ical brightening provides the best 
surface for bright anodizing. The 
article describes a modification of - 
the well-known Erftwerk process 
used in Europe (British Patent No. 
738,711). Operating range is 
wider, less metal is removed and 
control requires additions only of 
ammonium bifluoride and inhibitor. 
Better results are obtained by add- 
ing an inhibitor to the original for- 
mulation to give a bath composition 
of 13% ammonium bifluoride, 13% 
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Dial LW* for the Last Word in Open Coil Annealing! 


The Last Word in annealing is the fabulous Open Coil System that provides steel producers with the 
greatest flexibility of any annealing system yet developed. 

Lee Wilson’s Open Coil System permits annealing at “‘continuous speeds”’ in variable widths and 
gauges. Because the furnace operates on the rotary principle it processes each coil individually. For 
the same reason it requires a very minimum of floor area. 

Speed, flexibility, uniformity of anneal and compactness make the Open Coil System the most: 
advanced method of annealing available 
today. If you are not already familiar with W, 
the Open Coil System why not dial Lee ae 
Wilson and have a sales engineer contact 20005 LAKE ROAD @ CLEVELAND 16, OHIO 


you at your convenience. < SYSTEM 


MAKE T esr METAT TER 


% ORIGINATORS AND LEADING PRODUCERS OF OPEN COIL AND SINGLE STACK FURNACES 
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Bright Anodizing . . . 


nitric acid, 1 to 1.5% dextrin. Used 
at 130 to 140° F., the bath removes 
0.001 in. of aluminum per 20 to 30 
sec., which usually is enough treat- 
ment. Prolonged brightening up to 
3-min, immersion produced no ad- 
verse effects except greater weight 
loss. In processing 2650 sq.ft. of 
aluminum in a 40-gal. tank, ammo- 
nium bifluoride was consumed at a 
rate of 1 Ib. per 16.2 sq.ft., dextrin 


at 0.5 Ib. per 10 lb. of ammonium 
bifluoride. Two gallons of nitric 
acid were consumed during the en- 
tire period. Ammonium aluminum 
bifluoride precipitates out of the 
bath as a sludge and is removed 
periodically. 

In the inhibited bath, lead is not 
as critical as it is in the original 
Erftwerk bath, and 0.02% improves 
the specular reflectivity. The am- 
monium bifluoride contained enough 
lead to keep the solution at 0.02%. 

Like the original, the modified 


Regardless of spindle speed, you get precision 
adjustment and locked-in settings with Whiton screw- 
adjustable air chucks. Sizes to 15” in diameter are 
steel forged and wedge-actuated for positive holding 
action at high speed. Diameters 18” and up are made 
of alloy steel and lever-actuated to reduce air con- 
sumption, All Whiton air chucks come equipped with 
American Standard jaws. 


. . . and Whiton air cylinders 


you get . 
‘PRECISION 


>. 

Whiton air cylinders feature a special stroke 

adjustment which easily adapts them to the different 

operating stroke lengths of a variety of chucks. They 

come in diameters from 10-20” and have iron bodies 

for non-critical speeds and aluminum bodies for high 

speed. For more complete technical data on quality 
chucks and cylinders, write today to: 


THE WHITON MACHINE COMPANY 


NEW LONDON, 


CONNECTICUT, 


U.S.A. 
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Erftwerk process will brighten su- 
perpurity materials only. It is better 
on 99.8% aluminum, but neither 
process brightens the commercial 
alloys well. The impression is that 
electropolishing and the phosphoric- 
nitric acid-type chemical brighteners 
are better on commercial alloys. 

Bright anodizing of a chemically 
brightened pure aluminum surface 
is best at 10 amp. per sq.ft. in 15% 
sulphuric acid (3.3N) at 60° F. 
At higher current density, specu- 
larity of reflection is lowered. 

C, L. Faust 


Zone Sintering 


Digest of “Zone Sintering’, by 
J. Antill and Gardner, 
Powder Metallurgy, No. 1/2, 
1959, p. 133-142. 


IS ARTICLE SHOULD BE of interest 
to those involved in the fabrica- 
tion of powder metallurgy articles. 
The method described in detail in 
the paper is applicable to products 
having one long dimension with re- 
spect to the two others, such as rods, 
tubes, and the like. The basic idea 
involved in the technique is to sinter 
the material progressively by moving 
a rather short furnace surrounding 
the powder compact from one end 
to the other. The advantage, and 
the only one the reviewer can find, is 
the use of a short furnace of conven- 
tional size; this is an economical 
rather than technical advantage. 
The process has been successfully 
applied to the sintering of metals as 
well as ceramics, and the authors 
discuss the sintering of thorium, 
uranium and an alumina-base ce- 
ramic body. The thorium bars, about 
1 in. in diameter and 8.5 in. long, 
were hydrostatically pressed. The 
platinum-wound sintering furnace 
had a constant temperature zone of 
only 2.4 in. and was operated at 
1340° C, (2450° F.). Obviously, 
the rate at which the furnace is 
moved from one end of the bar to 
the other has a drastic effect on the 
degree of sintering, and a critical 
maximum speed should be expected, 
above which the degree of sintering 
is not sufficient to achieve a reason- 
ably high density. For the thorium 
sintering mentioned above, this criti- 
cal speed was about 30 in. per hr. 
leading to a density of about 11.5 
grains per cc. The same process has 
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cuts Ross Gear forging 


High speed, high volume air circulation is the 
feature of this Surface continuous draw furnace, 
which enabled Ross Gear and Tool Company, 
Lafayette, Indiana, to 
(1) process a wide variety of steering gear forg- 
ings much faster than with the batch type fur- 
naces replaced. These forgings range from a few 
ounces to 22 pounds. 
(2) draw forgings at rates to keep up with 
production in hardening operations. 
(3) reduce handling operations, consequently 
reassign personnel to more productive jobs. 
The furnace has three separately controlled 
zones, each with its own burners and fan. The 
uniformity of furnace temperature from zone 
to zone is consistently held within +5°F., 


UT, face A division of Midland-Ross Corporation TER 


time | 50%. 


Mr. Leonard Ewalt, Chief Metallurgist of 
Ross Gear, reports: “The furnace will heat 
through a 2-inch section in approximately 40 
minutes—just about as fast as the metal can take 
it when heated by convection . . . I would say 
that with this method of distributing heat in 
the zones and the rapid heating rate, this 
Power Convection furnace* is a couple of years 
ahead of its time. 

We’re not waiting for tomorrow, either. We're 
getting results today.” 

Write for bulletin SC-182. Surface Combus- 
tion, 2377 Dorr Street, Toledo 1, Ohio. In 
Canada: Surface Industrial Furnaces Ltd., 
Toronto, Ont. 


*Trademark of Surface Combustion, Division of Midland-Ross Corp, 
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2 
minute 
carbon 
analysis 


CARBON 
determinator 
3003 


Determine car- 
bon content in 
just 2 minutes! 
No complicated ...... 
mathematics; elimi- 
nates costly time- 
consuming routines. 
Accurate analysis of 
borings, mill chips, 
crushed samples, 
pellets, etc. Widely 
used in industrial, 
commercial and 
research 
laboratories. 


FREE Dietert-Detroit 16 page Catalog illus- 
trates both Carbon and Sulphur Determinators 
and accessory equipment. 


HARRY W. DIETERT CO. 


CONTROL EQUIPMENT 


9330 ROSELAWN DETROIT 4, MICHIGAN 
Send me your Carbon-Sulfur Determinator Catalog. 


NAME 
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Zone Sintering . . . 


been applied to loose thorium pow- 
der contained in a beryllia tube. In 
this instance, however, the compact 
cracked during sintering. Better re- 
sults were obtained by presintering 
the powder in the same furnace at 
920° C. (1700° F.) and then resin- 
tering it at 1450° C. (2650° F.). 

The technique used for sintering 
uranium powder was very similar to 
that used for thorium. With ura- 
nium, loose powder had to be used 
because the particular powder in- 
volved in the tests could not be cold 
pressed. The powder was tapped 
into a beryllia tube 6.5 in. long and 
0.4 in. I.D. Sintering was done in 
two steps, one at 900° C. (1650° F.) 
and the other at 1100° C. (2000° 
F.). The final density was about 
13.8 grains per cc. for a furnace 
speed of about 2 in. per hr. 

The ceramic body sintered by the 
zone technique contained 94.35% 
alumina, 3.25% silica, 1.4% lime and 
1.0% magnesia (called Hylumina 
by K.L.G. Sparking Plugs Ltd.). 
Normally, this body is fired at 1600° 
C. (2900° F.) with a firing cycle 
of 36 hr. Tubes of this material, 1 
in. in diameter, 4%4 in. long with a 
wall thickness of 0.28 in., were pre- 
sintered by the zone process at 1000° 
C. (1830° F.) and sintered in air at 
1650° C, (3000° F.) with furnace 
speeds of about 1 in. per hr. In 
this instance, the furnace was wound 
with molybdenum for the heating 
element. This element was _pro- 
tected by hydrogen. Some difficulties 
were encountered in obtaining 
straight tubes, and the details of the 
procedures used to avoid distortion 
are given in the paper. The authors 
sum up both the advantages and dis- 
advantages of the zone sintering 
process. Pot DuweEz 


Hicu-TEMPERATURE 
PROPERTIES OF METALS 


Volume of five expertly written 
lectures on stress-rupture testing, 
high-temperature oxidation test- 
ing, high-temperature fatigue 
testing, and experiences encoun- 
tered in high-temperature prop- 
erties. 150 pages — 6x 9 — illus- 
trated —red cloth — $4.00. Cli 
and send to ASM Technical at 
Engineering Book Information 
Service, Metals Park, Novelty, 
Ohio. 


MEASURE 
TEMPERATURES 
ACCURATELY 


with | 


PYRO 


OPTICAL 
PYROMETER 


Instantly meas- 
ures temperatures 
of minute spots, 
fast moving ob- 
jects, smallest 
streams. Stock 
ranges from 1400° 
F to 7500° F. 


Send for free catalog No. 85. 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for free catalog No. 168. 
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The 15th 


RULES FOR ENTRANTS 


Exhibitors do not need to be 
members of the American So- 
ciety for Metals. 

Work which has appeared 
in previous metallographic ex- 
hibits held by the American 
Society for Metals is unac- 
ceptable. 

Photographic prints should 
be mounted on stiff cardboard, 
extending no more than 3 in. 
beyond edge of print in any 
direction; maximum dimen- 
sions 14 by 18 in. (35 by 45 
cm.). Heavy, solid frames are 
unacceptable. 

Entries should carry a label 
on the face of the mount giv- 
ing: 

Classification of entry. 

Material, etchant, magni- 
fication and other desirable 
data. 

A brief statement (if de- 
sired) calling attention to 
any unusual aspect of the 
entry. 


The name, company affilia- 
tion and postal address of the 
exhibitor should be placed on 
the back of the mount to- 
gether with a request for re- 
turn of the exhibit if so 
desired. 

Entrants living outside the 
United States should send 
their micros by first-class let- 
ter mail endorsed “Photo for 
Exhibition — No Commercial 
Value — May Be Opened for 
Customs Inspection”. 

Exhibits must be delivered 
before Oct. 1, 1960, either by 
prepaid express, registered 
parcel post or first-class letter 
mail, addressed: 


Metallographic Exhibit 
American Society for Metals 
Metals Park 

Novelty, Ohio, U. S. A. 


METALLOGRAPHIC EXHIBIT 


Philadelphia, October 17 to 21, 1960 


All metallographers— 
everywhere— 
are cordially invited to 


display their best work. 


CLASSIFICATION OF MICROS 


. Irons and steels, cast and wrought 

. Stainless steels and heat resisting alloys 

. Aluminum, magnesium, beryllium, titanium and their alloys 

. Copper, nickel, zinc, lead and their alloys 

. Uranium, plutonium, thorium, zirconium and reactor fuel and 
control elements 

. Metals and alloys not otherwise classified 

. Series showing transitions or changes during processing 

. Welds and other joining methods 

. Surface coatings and surface phenomena 

. Slags, inclusions, refractories, cermets and aggregates 

. Electron micrographs using replicas 

. Electron micrographs (transmission) 

. Color prints in any of the above classes 

. Results by unconventional technique 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Congress 
management which will award a First Prize (a medal and blue ribbon) 
to the best in each classification. Honorable Mentions will also be 
awarded (with appropriate medals) to other photographs which in 
the opinion of the judges closely approach the winner in excellence. A 
Grand Prize, in the form of an engrossed certificate and a money 
award of $500 from the Adolph I. Buehler Endowment will also be 
awarded the exhibitor whose work is judged best in the show, and his 
exhibit shall become the property of the American Society for Metals 
for preservation and display in the Society’s national headquarters. 


All prize-winning photographs will be retained by the Society for 
one year and placed in a traveling exhibit to the various @ Chapters. 


42nd NATIONAL METAL CONGRESS & EXPOSITION 


Philadelphia Trade & Convention Center Oct. 17 to 21, 1960 
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Ever sit in a traffic-trapped taxi for an hour . . . only to find your destination was just around the corner? 
Ever build a patio . . . only to find a contractor would have done it for less than the cost of your 
materials? Ever sweat six months over a problem on the job . . . only to find the solution had been 


available by picking up the phone? 


Carpenter can’t shock-proof you from everything, but we can help you with the application of elec- 
tronic, magnetic and electrical alloys. No matter how difficult your problem, there’s an excellent chance 
that our continuing research and development program has already produced information to save you 


time and money. 


In addition to leading the field in technical assistance to industry, Carpenter also provides the con- 
venience and reliability of one-source supply. You name it—dimensional control, resistance control, 
magnetic control—Carpenter offers the world’s widest range of alloys to meet your most critical needs. 


Carpenter alloys provide easy, fast fabrication, such as blanking, edge-winding, spot-welding and 
machining. And you waste no time experimenting to find the proper heat treating methods and 
temperatures. Highly specialized as these alloys are, Carpenter has “standardized” their properties to 


4 minimize problems from design to delivery. 


Why not check Carpenter now . . . instead of later? 


tool and die steels 
stainless steels 
high temperature alloys 


/ arpenter ste €> i electronic, magnetic and electrical alloys 
special-purpose steels 
tubing and pipe 
fine wire specialties 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 


Webb Wire Division, New Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Blast Cleaning 


(ONE OF A SERIES) 


angborn Rotoblast proves itself again 


Carrier Corporation, Syracuse, N.Y—Pangborn Rotoblast 
cleans so quickly it has cut cleaning department labor 
costs 30% to 40% . . . saving $15,000 a year. 

Master Electric Company, Dayton, Ohio—T'wo 12 cu. ft. Roto- 
blast Barrels with automation reduce labor costs by 
50%—save $15,000 a year in manpower alone! Clean » 
33 tons of gray iron castings a day with ease. 

Meadville Malleable Iron Co., Meadville, Pa—Pangborn Roto- 


And Rotoblast Steel Abrasives 


In foundries, forges, steel and metal working plants all over 
America, premium quality Rotoblast Steel Shot and Grit are 
replacing other metal abrasives as they prove their ability to 
blast clean at lower cost. Lansing Drop Forge Co.—a typical 
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Typical Rotoblast Barrel, Ft. Pitt Steel Castings Co., McKeesport, Pa. 


..,and again...and again...and again! 


blast cut 24 man-hours daily to 15... cleans loads 
three times as large in half the time. 

Ingersoll Rand Co., Painted Post, N.Y—Pangborn Rotoblast 
cleans 74,000 lbs. of castings per day, cuts cleaning 
time in half and substantially reduces costs. 

Buckeye Iron & Brass Co., Dayton, Ohio—Pangborn Rotoblast 
is automated to reduce labor requirements even fur- 
ther, cuts 15 minutes blast time to ms 4h. 


"prove their value, too! 


user—switched to Rotoblast S-390, cut abrasive cost a 23%. 


An Ohio foundry cut shot consumption from 27 lbs. per wheel 
hour to 7.8 lbs. with Rotoblast S-330. Let us show you what 


Rotoblast abrasives will do for you. 


MAY 1960 


Circle 


Results like these explain why two of the world’s 
leading automotive manufacturers have just ordered 
nine 32 cu. ft. capacity Rotoblast Barrels! If your 
problem has to do with blast cleaning, talk to your 
Pangborn man or write PANGBORN CORPORATION, 
1800 Pangborn Blvd., Hagerstown, Md. ‘Come to 
Pangborn’”’ equipment display at Philadelphia Foundry 


ngborn 


OF HAGERSTOWN 
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Check your requirements against these 
Wallace Barnes Cold-rolled Specialty Steels 


Furnished in these carbon grades: 
1.25 - 1.32% .90-1.05% .70-.80% .59-.74%  .48- .55% 


ANNEALED AND HARD-ROLLED 
Thickness 


.003 —-.010” in widths % to 614” .036 — .049” in widths 3% to 13” 
011-.014" “ “ toll’ .050-.064”" “ “ to 13” 
.015-.019" “ “ 13” .065-.0938” “ “ to 64%” 
.020-.0385” “ “ 13’ .093-.125” “ “ 8% to 6%” 


HARDENED AND TEMPERED 


Scale-free or scaleless; polished*; polished and blued*; polished and strawed* 
Thickness 


.003 — .004” in widths % to 2” .031 — .035” in widths 4 to 7” 
3” .036-.040” “ “ 
“« 041 — .049” 3% to 6” 
5” .050 — .060” to 4” 
.061 — .064” to 3” 
“ 81%” .065 — .093” 34 to 3” 
.026 — .030” 


*Maximum width for polishing in .010 — .030 thickness ranges is 5 in. 


Facilities for processing alloy steels also are available. 
Standard sizes normally available for prompt shipments. 
Write for a copy of “Physical Property 


Charts” that give performance characteristics 
of .90 —- 1.05% and .70-.80% carbon grades. 


Associated Spring 


Wallace Barnes Steel Division Corporation 


Bristol, Connecticut 
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improved 


U. S. Pat. 2,683,902 July 7, 1959 


Offers unparalleled increases in die life and service— 


study the story these photomicrographs tell: 


HEAT-TREATED ROCKWELL “C” 50 


Structure is typical of large sections Note uniform distribution of pin- Structure of New/Improved Hotform Note coarse grain with envelope 
of H-11, H-12 and H-13 steels int carbides—freedom from car- after heat treating to Rockwell ‘‘C structure. Die failures due to gross 
commonly on the market. Note car- ide segregate in grain boundaries 50. Note uniformity of structure that cracking invariably possess this 
bide segregate and envelopes in —freedom from carbide stringers. improves ductility. Structure or worse. 

grain boundaries. This structure per- This structure, guaranteed in New/ 

sists through heat treatment to form Improved Hotform, increases tou: 

lines of discontinuity that initiate ness and ductility of heat treated 

cracks. dies up to 35%. 


TENSILE PROPERTIES 


New/Improved HOTFORM’s fine, uniform structure is 
the culmination of an intensive research and development 


program to assure longer die life in service. Now, greatly Manufacture} Size om Tent (Red. 0 
increased resistance to pitting, impingement, soldering and %) 
heat checking make New/Improved HOTFORM more stated & 
than ever your first choice for first quality hot work dies. | | 406 256,000 16.5 
Let us detail the vital facts for you! | 255,000 
Transverse 38 
Improved | 8” sq. Center 51.4 265,000 14.8 
Transverse 


VANADIUM-ALLOYS STEEL COMPANY IMPACT PROPERTIES 


LATROBE, PENNSYLVANIA 


DIVISIONS: Anchor Drawn Steel Co. « Colonial Steel Co. « Metal Forming 
Corporation « Pittsburgh Tool Steel Wire Co. 

SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited + Vanadium-Alloys 
Steel Societa Italiana Per Azioni « EUROPEAN ASSOCIATES: Societe 
Commentryenne Des Aciers Fins Vanadium-Alloys (France) + Nazionale 
Cogne Societa Italiana (Italy) 


Location 
of Test 


Midradius 
Transverse 
Midradius 

Transverse 


0.505 specimens; 3 tests per condition, heat treated simuitaneo 
a Charpy V-notch specimens; 6 tests per condition; heat treated simultaneously a 
Average 
Hardness Impact Statistical 
Manufacture} Size 
Re Strength Scatter : 
ft.-Ibs. : 
et Standard | 1542” sq. 51.6 10.8 +2.9 
Improved | 1512” sq. 51.6 13.0 +18 
Circle 1793 on Page 48-A 
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DAY 


New uses for high-quality, low-cost 


REVERE 


WELDED 


ALUMINUM TUBE 


PLAIN OR EMBOSSED 
5355994 


+. 


SQUARE RECTANGULAR 


CAN BE FLARED, BENT, FLATTENED 
TO 180° WITHOUT FRACTURE 


A 
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REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. + Sales Offices in Principal Cities 


Revere Welded Aluminum Tube is fabricated from 
rolled sheet by the induction welding process which 
produces an especially sound joint in alyminum. Because 
it is of high quality and lower comparable cost than 
either seamless drawn or extruded tube it can be used 
to fabricate products for which aluminum tube was 
never before considered feasible. 

As a result, there’s hardly a day goes by but that 
some manufacturer is considering the use of this 
versatile tube. It comes plain or embossed in a number 
of patterns, in round, square or rectangular shapes. It 
can be flared, bent and flattened to 180° (as shown at 
left) without any sign of fracture. Its formability, 
strength and excellent finish make it a ‘‘natural” for 
hundreds of applications where light weight, dura- 
bility, ease of fabrication and eye-appeal are important. 
Revere Welded Aluminum Tube is available in a 
broad range of gauges, sizes and tempers within O.D. 
limits of 42” to 2%". Lengths up to 30 feet. 

Start now to think in terms of Revere Welded 
Aluminum Tube for your present product or a new one 
that could be developed by the use of this versatile 
tube. Send today for sample and further information. 
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The OLP Process 


Digest of “Comments on the 
OLP Process”, by B. Trentini, 
P. Vayssiére and M. Allard, 
Journal, Iron and Steel Insti- 
— Vol. 192, June 1959, p. 143- 
147. 


HE RAPID ACCEPTANCE of new 
steelmaking processes requiring 
the use of pure oxygen has stimu- 
lated work on various modifications 
of such techniques. This article 


describes the metallurgical aspects 

of the OLP process, the name as- 

signed by IRSID (Institut de Re- 

cherches de la Sidérurgie) to its 

method of refining hot metal by a 

stream of oxygen containing lime 
wder. 

The OLP process was studied on a 
80-ton basic converter at the Denain 
steelworks after replacing the stand- 
ard bottom, which contains tuyeres, 
with a tight bottom. The oxygen, 
containing powdered lime, was in- 


DON’T GET IN A SWEAT ABOUT 
TEMPERATURE CONTROL... standardize on Bristol 


pyrometer supplies and solve the problem, once and for all. 


troduced through a centrally located, 
water cooled lance inserted from the 
top of the dolomite-lined vessel. 
Commercial oxygen, 99.5% pure, 
was used at a pressure of 90 psi. 
All of the lime had been crushed to 
less than 6 mesh and 50% of the 
powder was less than 65 mesh 
(Tyler). The fine particle size 
and the intimate presence of oxygen 
are said to result in good reactivity 
regardless of the chemical and phys- 
ical properties of the lime. 

In treating high-phosphorus hot 
metals by the OLP process, pow- 
dered lime is blown from the begin- 
ning to the end of the refining period. 
No lime is intentionally added to 
the vessel before refining, but some 
is usually present as a heel from the 
previous heat. The amount of lime 
blown into the vessel with the 
stream of oxygen is adjusted ac- 
cording to the hot metal composi- 
tion, the stage of refining, and 
the grade of steel to be produced. 
No fluxing agents, such as fluorspar, 
are added with the lime. Ordinar- 
ily one or two intermediate slags 
are removed from the bath by tilt- 
ing during the refining operation. 

In a two-slag process on a basic- 
bessemer iron containing 1.8% phos- 
phorus and 0.05% sulphur, the first 
phase consists of blowing about 1800 
cu.ft. of oxygen per ton of hot metal. 
During the first blowing period, the 
available lime amounts to about 240 
Ib. per ton of metal. At the end of 
the first phase, when the tempera- 
ture reaches about 2900° F., the 
metal contains about 0.6% carbon 
and 0.2% phosphorus. Slag is poured 
off by tilting the vessel. Then scrap 
or ore is added to adjust the bath 
temperature, and blowing of oxygen 
and lime powder is continued until 
the desired carbon content is 
reached. For a low-carbon steel, the 
second blowing period requires 
about 500 cu.ft. of oxygen and 70 


Everyone knows how interrupted pyrometer service can cut production, 
increase costs, impair product quality and whittle away at profits. Good 
way to minimize or stop these troubles: Lay in a supply of Bristol’s thermo- 
couples, protection tubes, radiation-unit accessories, refractory insulators, 
mounting fixtures, thermocouple extension wire, switches, and ink. They’re 
available in sizes and types to fit all standard installations. 

The outstanding quality and superlative reliability of Bristol pyrometer 
accessories is the product of more than 70 years of instrument building, 
55 years of industrial pyrometry. . 

Write for complete data on Bristol pyrometer accessories today. The 
Bristol Company, 155 Bristol Road, Waterbury 20, Conn. 0.12 


a STO L for improved production 
through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
Circle 1795 on Page 48-A 


Ib. of lime per ton of hot metal. 
Steels made by such a practice con- 
tain less than 0.02% phosphorus, 
0.02% sulphur and 0.002% nitrogen. 

When working on high-phosphorus 
metal, the first slag produced by the 
OLP process weighs about 325 lb. 
per ton of metal charged. The com- 
position, suitable for fertilizer, is 
about 52% CaO, 24% P.O;, 8% 
SiO., 5% FeO, 4% MnO and 1% 
MgO. The second slag contains less 
P.O, and SiO,, about 30% FeO 
and 57% CaO. (Cont. on p. 226) 
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“Toughest” inspection in the steel business 
assures you utmost uniformity in Timken forging steels 


You can always be sure your forged products made 
from Timken® steel forging bars will have uniform 
quality. One big reason is the rigid, 100% Final In- 
spection we give every bar. Examination is so thorough 
that our Inspection Department is known as the 
toughest in the steel business. 

You save money, too, because of the uniform quality 
of Timken steel. It is remarkably uniform in structure, 
chemistry and dimension from heat to heat, bar to bar, 
order to order. And because we handle each order 
individually, we can target our procedures to your 
end-use requirements. You don’t have to interrupt your 
operations to make costly equipment adjustments. 


Important to our operations is a new Metallurgical 


Research Center, one of industry’s most modern. Its 
facilities range all the way from an experimental melt- 
ing laboratory to one of the industry’s finest technical 
libraries. It is designed not only to improve our own 
products but also to solve customer problems—your 
problems. 

When you buy Timken steel you get: 1) Quality that’s 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 


For the most from your modern forging operations, 
specify Timken steel forging bars. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable: “TIMROSCO”. Makers of Tapered Roller 
Bearings, Fine Alloy Steels and Removable Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS TUBING ARE AVAILABLE FROM WAREHOUSE STOCKS IN 44 CITIES IN THE UNITED STATES 
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OLP Process . . . 


Experience with the commercial- 
size vessel indicates that the oxygen- 
lime powder process (OLP) permits 
consistent control of both bath tem- 
perature and slag composition. Both 
factors influence the final phos- 
phorus and sulphur contents. For a 
given slag composition, the phos- 
phorus content increases from 0.018 
to 0.028% if the temperature rises 


from 2910 to 3055? F. If the tem- 
perature and carbon content at the 
time of slag-off are known, however, 
the finishing temperature can be 
controlled within 35° F. by making 
appropriate cooling additions of 
scrap or iron ore. Slag basicity is 
controlled by altering the additions 
of lime powder made to the oxygen 
stream. 

Materials balances indicate that 
10 to 15% of the sulphur in the 
charge is lost by direct oxidation 


COOPER ALLOY 
CORPORATION 


SAVES DOLLARS 


Increases control of “heat” composition 
Better quality control of castings for 
Cooper customers 


Faster Operation: 


Only 8 minutes ret en time required 
to test two samples and report results 
to foundry 

Rapid determination of scrap composi- 
tion prior to use 

Detection of “tramp” elements 


Faster production 
Ww Cot : 


Reduction of rejects 

Saving of molds if heat isn’t right and 
can’t be corrected 

90% of costly laboratory overtime 
eliminated 

25% over-all cost reduction over pre- 
vious “wet chemistry” analysis methods 
If your foundry should operate better, 
faster or at lower costs, complete in- 
formation on the B-A Direct Reader is 
available to you from: 


Baird -Atomic, 


WITH A 
Baird-Atomic 
“Direct neater” 


0: 


— 


Cooper Alloy Corporation, pro- 
ducer of stainless steel custom 
castings, valves and fittings, in- 
stalled a Baird-Atomic Direct 
Reading Spectrometer in its labora- 
tory in 1956 to replace chemical 
analysis. The Direct Reader rap- 
idly analyzes production heats of 
30 different alloys, also purchased 
scrap, barstock for valves, and 
scrap pig. Over 468,000 determi- 
nations have been run at Cooper 
Alloy to date. The verified results 
on foundry operation are listed 
at the left. 


/ 33 UNIVERSITY RD. 


Bene e/camsrivce 38, MASS. 
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during the first stage of blowing in 
the OLP process. The rest of the 
sulphur is partitioned between the 
slag and metal. The partition co- 
efficients range from 2 to 14 and 
increase with slag basicity. 

Temperature does not influence 
the nitrogen content of steels pro- 
duced by the OLP process. There 
is very little pickup of nitrogen 
during the intermediate tilting oper- 
ation or during tapping. 


F. W. BouLcEerR 


Cutting by Electron 
Beam 


Digest of “Electron Beams Ma- 
chine by Vaporization”, Metal- 
working Production, j une 5, 
1959, p. 986-987. 


I’ GERMANY, electron beams have 
been used for well over a year 
to drill and cut holes in tough metals 
and hard, brittle bearing jewels. For 
example, even in hard synthetic 
sapphires, the beam can vaporize 
holes as small as 0.001 in. diameter. 
Though the equipment is similar to 
that for electron beam welding, the 
beam is focused to a much smaller 
diameter. In tests, holes but one 
micron in diameter have been drilled, 
and the beam is normally half the 
diameter of the hole it drills. Since 
such fine focusing is possible, much 
heat can be concentrated in a small 
area. Though the equipment can go 
above 11,000° F. with ease, this tem- 
perature has been adequate for any 
welding, drilling, and cutting. 
' Width of the heat-affected zone 
is held to about 10% of the cut by 
pulsing the beam so that the work 
can cool between pulses. Any de- 
sired frequency between 1 and 3000 
cycles per sec. can be attained with 
pulse durations ranging from 0.01 
to 0.00005 sec. 

Cut depth has ranged up to % in. 
with this equipment; cut width is 
much smaller because the beam must 
be concentrated. However, this is 
not significant since it is only neces- 
sary to trace the outline of a wide 
slot to produce the slot. The cutout 
falls away to leave the desired 
opening. 

It is expected that this equipment 
will be capable of three-dimensional 
machining in the near future since 
cut depth can be precisely con- 
trolled. C.R.W. 
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The Prime Mover Company, 
manufacturer of materials 
handling equipment, says: 


Our “Prime Movers” 
give these 6 parts a 
terrific beating...that’s 
why they’re made of 
LaSalle 


STRESSPROOF 


STEEL BARS 


: 
with copper 


Without Heat 


Engineers of the Prime Mover Company, Mus- 
catine, lowa, demanded the most dependable steel 
bars available for six important parts of their 
transmission assembly. Here are some of the 
reasons they specified sSTRESSPROOF! 


You don’t have to heat treat sTRESSPROOF! There’s 
no heat treat distortion. 


STRESSPROOF is strong . . . 100,000 psi. 
It machines faster ... at 83% the speed of B1112. 


It wears better without case hardening . . . re- 
placing .40 carbon alloy steels and other heat 
treated and alloy steels, such as 8640, 4140, 
C1045, C1141, and C1137. 


It costs less than heat treated in-the-bar alloys. 


Driving Axle, 1%” 


Shifting Shoft, %4” 


Use this coupon to request technical bulletin announcing improvements in LaSalle stREssPROOF Steel Bars... with copper. 


Name. 


Reverse Pinion, 3” 


Beoring Carrier 
Clutch Throwout, 


1424 150th Street 
Hammond, Indiana 


Please send technical Title. 
bulletin ‘Today's = 


Company 


Improved LaSalle 
STRESSPROOF Steel 


Address 


Bars...with Copper." 


City 


Zone State 
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Modern metallurgists work closely with Norton 
Company’s “‘Men with the Facts” in creating better 
refining, alloying and processing methods. Drawing on 
the broad, varied range of Norton Refractories, they 
solve problems ranging from metal transfer for aluminum 
remelt to critical vacuum-melting techniques. 


The advanced development of Norton Refractories and 
their availability in commercial quantities permit im- 
provement of metals and metal processing throughout 
industry. All of the following refractories play vital roles. 
ALUNDUM* fused aluminum oxide for . . . melting ferrous 
and non-ferrous alloys ... high temperature processing 
furnaces . . . investment casting. MAGNORITE* fused mag- 
nesium oxide refractory cement or shapes for melting 
steel and processing nuclear metals. Fused zirconium 
oxide for handling “special” metals and alloys at even 
higher temperatures. CRYSTOLON* silicon carbide for 
aluminum reduction cells, aluminum remelt furnaces, 
transfer systems and many other applications. And 
Norton ‘‘Men with the Facts’’ are constantly exploring 
potential applications for newer Norton materials — 
other oxides, borides and carbides of the refractory metals. 


so/ve your metallurgical problems... 


NORTON Refractories 
and the NORTON Man 


Find out how Norton Materials and Capabilities can 
contribute to the development of new processes or im- 
prove your present product or process. 
Write today for the informative new 
presentation on Norton Refractory 
Materials and Capabilities — NORTON 
CoMPANY, Refractories Division, 
324 New Bond Street, Worcester 6, Mass. 


*Trade-Marks Reg. U. S. Pat. Off. and foreign countries 


ROBERT W. LOVE played a key 
role in the development of refrac- 


tories for high temperature melt- NO R TO N 
> ing of high purity alloys. A 


typical Norton ‘‘Man with the 


Facts,’ he has also pioneered in 
vacuum melting, aluminum re- REFRA Cc TORIES 
duction and remelt, investment 

‘ casting and nuclear metallurgy. . R . 
on ths toe Engineered... ... Prescribed 


challenging problems, Bob and 
other Norton “Men with the 


Facts” are ready to help you in 75 years of ... Making better products... 
the proper application of Norton 
Refractory Materials. to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tepes 
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The Most for Your 
“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all ‘Rockwell 
Testing”. Clark's exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10203 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 

All information about hardness test- 
ing in easy-to-read text with many 
illustrations. Just write “Send 
Book” on your letterhead. De- 
scription and prices for Clark 
Hardness Tester and free 
Hardness Conversion Chart 

also available on request. 


CLARK INSTRUMENT, INC. 
10203 FORD ROAD 
DEARBORN, MICHIGAN 


Missile-Age Accuracy 
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The Kaldo Process 


Digest of “Further Experi- 
ence With the Kaldo Process”, 
by Bo Kalling and Folke Johans- 
son, Journal of the Iron and 
Steel Institute, August 1959, 
p. 330-338. 


process, steel is pro- 

duced by blowing oxygen into a 
metal bath held in a rotating con- 
verter which is tilted about 17° 
from the horizontal. Characteris- 
tically, a larger proportion of the 
CO formed by the gas-metal reac- 
tion is burned to CO, in the Kaldo 
process than in other processes. The 
additional heat available from this 
source permits larger amounts of 
scrap or ore to be added to the ves- 
sel. Depending on the composition 
of the hot metal, scrap or ore addi- 
tions may be as large as 60 or 14%, 
respectively, of the weight of pig 
iron. 

The Kaldo process has been used 
commercially at Domnarvet since 
1956, mainly for refining basic bes- 
semer iron (1.8% P). Some work 
has also been done on low-phos- 
phorus, high-silicon iron. Based on 


their experience with both steelmak- 


ing processes at Domnarvet, the au- 
thors believe Kaldo steel is cheaper 
than basic bessemer steels made with 
oxygen-enriched air. Plants are be- 
ing built in Sweden and in France 
which will use 100-ton vessels. The 
estimated annual capacity of a plant 
with two Kaldo furnaces of that size, 
in alternate operation, is 480,000 
tons on basic bessemer iron and 
560,000 tons (metric) on low- 
phosphorus iron. 

Kaldo converters are rotated to in- 
sure good heat transfer to the bath 
and to avoid overheating the furnace 
lining. The slag is kept viscous dur- 
ing the main part of the blow. 
Then, just before tapping, the iron 
content of the slag is raised to in- 
crease its fluidity. The refining 
process and the iron content of the 
slag are controlled by adjusting the 
direction of the oxygen jet and the 
speed of rotation. The rate of oxi- 
dation and the fluidity of the slag 
are increased if the oxygen jet im- 
pinges on the bath at a greater angle. 
A higher rotational speed favors for- 
mation of a viscous slag with a lower 
iron content. Decreasing the rota- 
tional speed slows down the boil, in- 
creases the proportion of CO burned 


WE VACUUM BRAZE 


STAINLESS AND SUPER ALLOYS 


Brazing techniques that produce clean, bright, homogeneous joints of 
maximum density and high strength are available to you on a com- 
mercial basis. Ipsen vacuum heat treating produces superior physical 


and metallurgical properties. 


Heat treating of stainless steel is also carried out in commercial 
quantities with Ipsen vacuum furnaces operating at temperatures to 
2600° F, and with forced convection cooling! 

Ipsenlab of Rockford has served industry for many years with the most 
modern metallurgical laboratory facilities for pilot or production runs. 
Call WOodland 5-8788 in Rockford, or write to let us know how we 


might serve you. 


Ipsentabs oF Rockrord, Inc. 


2125 KISHWAUKEE STREET - ROCKFORD, ILLINOIS 
Circle 1801 on Page 48-A 
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More Steel Service Centers than ever stock 
BLISS & LAUGHLIN cold finished steel bars 


This means you specify 
Bliss aughlin cold finished steel bars, for two reasons: 
1. Bliss & Laughlin has the most complete and most THE ’ BLISS & LAUGHLIN LINE 
flexible mill service in the industry. Cold Finished Steel Bars In Carbon, Alloy, Leaded 
2. Because more Steel Service Centers than ever stock Carbon and Leaded Alloy Grades 
Bliss & Laughlin bars, every metalworking plant can LUSTERIZED® COLD DRAWN 
now get especially fast local service. COLD DRAWN, GROUND AND POLISHED 
- Analyze your “‘cost of possession” of cold finished steel TURNED AND POLISHED 
or bars. Perhaps you'll see, too, why so many buyers depend TURNED, GROUND AND POLISHED 
more and more on their Steel Service Centers to help them STRAIN-TEMPERED® CARBON BARS 
lower ‘‘cost of possession’’ expenses. SPECIAL PROCESSED ALLOY BARS 
Talk over your cold finished steel bar requirements with shea 
your Steel Service Center. Those stocking Bliss & Laughlin 
ae. bars will give you outstanding service (we know, because oputar shapes and sizes 
we’ve seen them in action!). 


Specialists in Finish, Accuracy, Straightness, Strength and Machinability Leading 
BLISS LAUGHLIN 
Producer of Cold 
GENERAL OFFICES: Harvey, Ill. © MILLS: Harvey, Detroit, Buffalo, Los Angeles, Seattle, Mansfield, Mass. Finished Stee/ Bars 
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Kaldo Process . . . 


to CO, and lowers the temperature 
of the exhaust gases. Consequently, 
measurements of exhaust-gas tem- 
peratures and currents drawn by the 
driving motors permit close control 
of the Kaldo process. This tech- 
nique results in good control of tap- 
ping temperatures and chemical 
composition. Recarburization is not 
ordinarily required even for higher- 
carbon steels. 

Rotating the vessel aids in reach- 
ing equilibrium between slag and 
steel. The first slag is low in iron — 
about 5% when blowing basic bes- 
semer pig iron and less than 2% with 
high-silicon iron. In refining high- 
phosphorus irons, two or three slag- 
offs are common. As much as pos- 
sible of the final slag is retained in 
the furnace to be used on the next 
heat. This conserves lime and iron. 
The loss of iron in the exhaust gases 
amounts to about 0.3 to 0.8% of the 
weight of pig iron. The over-all 
yield of iron in ingot is about 90 to 


93% of the iron in the charge. The 
yield is better when cooling with 
scrap than when using ore. 

Kaldo furnaces, lined with tar- 
dolomite bricks, have an average life 
of 70 heats. The refractory con- 
sumption is about 50 Ib. per ton of 
ingots. The relatively short lining 
life is attributed to the long blowing 
times required for basic iron and the 
high temperatures reached by burn- 
ing the gases to CO.. The tap-to- 
tap time for the 26-ton (metric) ves- 
sel is about 80 min. of which half is 
the effective blowing time. Better 
lining lives (90 heats) have been ob- 
tained with burned magnesite brick, 
and when blowing low-phosphorus 
hot metal. 

Steels made by the Kaldo process 
from high-phosphorus iron have low 
metalloid contents. Typical values 
for rimmed steels are: 0.002 to 
0.003% N, 0.010 to 0.030% S, and 
0.015 to 0.020% P. Oxygen contents 
are comparable to those of open- 
hearth steels with equal carbon con- 
tents. Most of the steel has been for 
ship plate. F. W. Boutcer 


Pig Iron in Electric 
Furnaces 


Digest of “Refining Liquid Pig 
Iron in Electric Furnaces”, by 
R. Durrer and G. Heintze, Jron 
and Steel, May 22, 1959. 


AS INTERESTING ARTICLE describing 
the smelting of 50% hot metal 
and 50% scrap in electric are fur- 
naces in Switzerland is reviewed. 
Heretofore, it had been difficult to 
charge this large amount of hot metal 
in electric furnaces because of the 
lack of oxygen present to oxidize the 
metalloids in the metal. Large ore 
additions, necessary when large hot 
metal charges are used, cause foam- 
ing slag and large ejection of carbon 
monoxide gas. For this reason, large 
charges of molten hot metal in elec- 
tric furnaces have never been widely 
used, even though the high heat con- 
tent of the hot molten metal greatly 
reduces the power required to melt 
a ton of steel. 
In this new Swiss operation, the 
(Continued on p. 236) 


and techniques. 


PURPOSE AND KINDS OF 
TESTING 

TENSION TESTING MACHINES 

HARDNESS TESTING 

OTHER MECHANICAL TESTS 

NONDESTRUCTIVE TESTING 

MACROSCOPIC TESTING 


Metals Park, Novelty, Ohio 
Enclosed please find $ 


NOW meratturcy 


NEW COMPANION VOLUME 
TO FAMED BASIC METALLURGY | 


This easy-to-read and practical book describes the 
equipment and its use for metallurgical operations. This 
is a practical guide to metallurgical equipment, test 


Well-illustrated with 67 pictures, 17 pull-out data 
sheets and 37 charts and graphs, Basic Metallurgy II 
contains a comprehensive 8-page index for handy use 
plus 68 references to other authoritative sources. 


Table of Contents 

MICROSCOPIC INVESTIGATION 

PYROMETRY 

HEAT TREATING EQUIPMENT 

PREPARED ATMOSPHERES FOR 
HEAT TREATMENT 

CORROSION TESTING 

MISCELLANEOUS TESTING 


$7.50...232 Pgs. PLUS 17 Data Sheets...Red Cloth Binding 
ASM Technical and Engineering Book Information Service 


for copy(s) of Basic 


Metallurgy, Volume II. 
Or: Bill me 1 Bill Company (1) 


Street & No 


Zirconia 
Alumina 
Spinel 
Yttria 


Company 


232 


ZIRCONIUM 
OXIDE and 


HIGH TEMPERATURE 
REFRACTORY SHAPES 


High Purity - Low Reactivity 
Temperatures to 5500°F 
Nuclear and Commercial Materials 


Zirconates 
Magnesia 
Thoria 


Rare Earth Oxides 
Refractory Metal Oxides 


Standard and Custom Fabrica- 
tion of Heavy-Duty, Gas-Tight 
and High Density Bodies to Suit 
Your Individual Requirement. 


Write for prices and technical information. 


Ram Mixes @ Tubes @ Wash Coating @ Heat Shields @ Brick 
Pouring Nozzles @ Custom Shapes @ Crucibles 
Setter Plates @ Kiln Furniture 


ZIRCONIUM 
UtCO CORPORATION 
SOLON, OHIO OF AMERICA 


West Coast Rep. - W. P. Keith Co., Santa Fe Springs, Calif. 
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Immersion Ultrasonic Testing is the latest 
addition to Standard’s family of extensive quality- 
control facilities. Specially designed for Standard and 
one of the first of its kind installed by a specialty steel 
maker, this new facility is used to detect minute flaws 
in extremely high quality thin-section and complex- 
section steel shapes. 


It is essential to test for internal flaws in such vital jet 
and missile engine parts as expander rings, motor case 
rings, turbine discs, and compressor wheels. Bring your 
next difficult alloy problem to us—you’ll appreciate our 
personalized service as well as our superior qual- 
ity control. Write for free illustrated booklet, “Quality 
Control at Standard.” 


Standard Steel Works Division 


BALDWIN LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA 


MAY 1960 


Rings e Shafts e Car wheels e Gear blanks « Flanges ¢ Special shapes 
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the most D YN. A 
ATTRACTION 


a show ever had! 


the 1960 PHILADELPHIA 


42nd NATIONAL METAL CONGRESS & EXPOSITION 
Philadelphia Trade and Convention Center + Oct. 17-21, 1960 


Steel, the sinew that binds the strength of America, will serve as a magnetic 
EXHIBITORS attraction to call attention to every area of metals technology, ferrous and 
FROM ELEVEN nonferrous, at the most metallic of all Metal Shows — the 1960 Philadelphia 
METALS AREAS Metal Show, now blue-printed and ready to grow into its full dimensions. 


> a See This new emphasis on the essential metals of industry reflects a growing 
. Nonferrous Metal Producers specialization . . . a focusing of attention . . . to yield a greater benefit. 


d Distribut 
1 racer cicadas Materials In the evolution of the Metal Show, the time for such refinement has come. 


. Nuclear Materials and Equipment Now it is possible to achieve a concentration on materials 


bo jaan tole that is unsurpassed anywhere for an intensive person-to-person 


» Industrial Heating Equipment interchange of information. The STEEL ARENA is the threshold to a 


and Supplies 
. Cleaning and Finishing Equipment whole new world of metals within the exhibits and technical sessions. 
Ponta Joining Equipment The pre-eminence of a Metal Show of these dimensions is worth your 
and Supplies closest consideration as an exhibitor — you are invited to share its 
. Testing, Inspection and Control 
Equipment and Supplies benefit in any of the eleven areas of metals listed. 
. Production and Casting Equipment 
and Supplies 
11. Parts, Forms and Shapes for 
Design and Applications MAKE PLANS NOW 
Exhibitors at the Philadelphia Metal Show 
will gather their customers and prospects TO EXHIBIT AT THIS GREATEST OF ALL METAL SHOWS! 
from the broad metalworking industry, in- 
cluding automotive, aircraft, appliance, 
Ordnance, farm machinery, electrical ma- 
chinery, and miscellaneous 
ing facturers . . . creating 
a thriving, effective, profitable market- 
any oO ese areas, the Metal Show 
should take priority in your sales plan AMERICAN SOCIETY FOR METALS 
for maximum impact in the Soaring Sixties, 


Fioor Plan Folders are now available — Metals Park * Novelty, Ohio WI 


for complete information, consult the 
ASM representative nearest to you, or 
write direct. 
NEW YORK — OXford 7-2667 
CLEVELAND — JOrdan 4-2271 

(Novelty, Ohio) 
CHICAGO — WAbash 2-7822 
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SHOW 


Theme Symbol ... above the 


colorful, idea-full STEEL ARENA an 

exciting presentation 

its effect throughout position halls to 
provide a spectacular ase for all metals 
and their related mand products. 


This advertisementis STEEL, METALPROGRE 
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YOUR FINEST SOURCE 
OF METALS INFORMATION 


MAGNETIC PROPERTIES 
OF METALS AND ALLOYS 


Features 13 papers present- 
ed at a recent ASM semi- 
nar. Topics include mag- 
netic annealing, magneto- 
striction, magnetic meas- 
urements, time effects, 
magnetic properties of thin 
films and fine particles. 
The latest concepts in this 
increasingly important 
area. 349 P. 6” x 9”. Illus. 


$11.00 


POWDER METALLURGY IN 
NUCLEAR ENGINEERING 
Describes work sponsored 
by AEC. Invaluable refer- 
ence for those acquainted 
with recent advances and 
those now entering field. 
Covers preparation of pow- 
der metals for reactors; 
powder metallurgy of sir- 
conium, beryllium, urani- 
um; safe handling; new 
advances and other aspects. 

275 P. 6”x 9”. Iilus. 
$10.00 


MAN, METALS AND 
MODERN MAGIC 


Story of metallurgical 
progress through the ages 
to the challenging prob- 
lems of science that must 
be solved tomorrow. En- 
tertaining reading to broad- 
en metals background. A 
“best seller” in the metals 
field. Enjoy this non-tech- 
nical but factual story of 
metals. J. Gordon Parr. 
235 P. 5%”x8”. Illus. 
$2.95 


USE THIS COUPON 
TO ORDER 


@ Postage Paid on All Orders 
@ All ASM Books Are Sold on 
a 10-day Approval Basis 


Please send............coples of MAGNETIC PROPER- 
TIES OF METALS AND ALLOYS @ $11.00 ea. | 


Please send... coples of POWDER METALLURGY 
IN NUCLEAR ENGINEERING @ $10.00 ea. | 


Please send............coples of MAN, METALS AND | 
MODERN MAGIC @ $2.95 ea. 


COMPANY. 


STREET. 


in full pay 


CITY. STATE 
Enclosed is $ 
OR Bill Me O Bill Company 0 
Check here for free ASM Book Catalog O 
| To: 


| AMERICAN SOCIETY FOR reel 


METALS PARK @ NOVELTY, OHIO 


Electric Pig Iron. . . 


hot metal and scrap are charged into 
the furnace in about 30 min. Power 
is turned on and the arcs melt verti- 
cal, cylindrical, and crater-shaped 
channels into the scrap projecting 
above the liquid hot metal. Iron ore 
(65% Fe) is gradually charged into 
these cylindrical craters, and a vig- 
orous reaction occurs locally between 
the metalloids in the hot metal and 
the oxygen in the ore. By using a 
high-grade iron ore containing prac- 
tically no gangue, the amount of slag 
produced is not greatly increased. 
Ore can be charged into this gradu- 
ally widening crater by direct charg- 
ing so that the ore is mainly con- 
tained in the vicinity of the crucibles 
as they form. The lime required is 
handled in the same way to insure 
early slag formation. 

After a time, the three separate 
craters formed by the arcs are finally 
broken down and the iron ore al- 
ready charged will largely be dis- 
solved in the slag or reduced to me- 
tallic iron. The final molten bath 
continues to boil uniformly, and the 
ferrous oxide in the slag is reduced 
by carbon in the molten pig iron. 
There are three stages then in mak- 
ing a heat: the charging and inter- 
mediate time, meltdown time, and 
time for finishing the heat. 

Described in this investigation are 
heats containing 50% hot metal and 
50% scrap. One grade of hot metal 
had a phosphorus content of 1.84%; 
another iron contained 0.085% phos- 
phorus. The high-phosphorus iron 
metal required more iron ore and 
more lime to oxidize and slag the 
phosphorus. A total of 173 heats 
were made in a 12-ton furnace. 
Later, 82 heats with low-phosphorus 
iron and 41 heats with high-phos- 
phorus iron were smelted in a 40-ton 
furnace. Regardless of the phos- 
phorus content in the hot metal, the 
phosphorus content of the finished 
steel was uniformly low, about 0.02 
to 0.05%. For the 40-ton furnace 
heats, the time required for smelting 
and refining was about 2 hr. on the 
high-phosphorus and somewhat less 
on the low-phosphorus hot metal. 
The kilowatt hours consumed on the 
40-ton furnace varied between 328 
for the low-phosphorus irons to as 
high as 350 on the high-phosphorus 
irons. A 100% cold scrap heat on 
this 40-ton furnace would ordinarily 


New Tatnall 
Metal Film 102 
higher-temperature 
backed strain gages 


from 


e Operating range to over 
500°F. 


e Precision-designed and construct- 
ed for exceptional accuracy, re- 
peatability and ruggedness. 


Ultra-thin (less than 0.0015 in.), 
with no integral leads, for high 
flexibility and conformability. 


High uniformity in both geometry 
and temperature coefficient for 
automatic matching. 


Wide range of sizes and configura- 
tions available, including rosette 
configuration shown above, stand- 
ard and miniature types. 


Call or write for full information. 


INSTRUMENTS aD A 


P.O. Box 245 + Phoenixville, Pa. 


Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 
In Canada 
Tatnall Measuring and Nuclear Systems, Ltd., 
46 Hollinger Rd., Toronto 16, Ont. 
In Europe 
BUFRA, 10 Avenue de la Grande Armée, 
Paris 17°, France. 
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TRADE MARK 


CARBON AND 
GRAPHITE PRODUCTS 


When your operations require refrac- 
tories to handle molten irons either 
inside or outside the cupola, you'll 
realize economic advantages when you 
use “National” carbon and graphite 
products. Why? Because carbon and 
graphite have no melting point... 
resist slag and thermal shock... are 
not wet by molten irons... have low 
thermal expansion...increase in 
strength with increase in temperature. 

Whether you use carbon block and 
brick for lining cupolas and runout 
troughs ... carbon paste for patching 
... graphite tubes for injection and 
upgrading of iron... graphite plung- 
ers for producing ductile iron...or 
core rods and chill plates— you'll find 
these products all help reduce mainte- 
nance, speed production and lower 
overall costs. For details write 
National Carbon Company, Division 
of Union Carbide Corporation, 270 
Park Avenue, New York 17, N. Y. In 
Canada: Union Carbide Canada 
Limited, Toronto. 


CARBON BLOCKS—Provide long re- CARBON BRICK AND PASTE —Proved GRAPHITE TUBES — Unsurpassed for 
fractory life in the cupola. materials for cupolas and runout carburizing with graphite power and 
troughs. injection for upgrading. 


| NATIONAL CARBON COMPANY 


of Union Carbide Corporation 
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Electric Pig Iron. . . 


consume about 500 kw-hr. per ton 
of steel melted. 

In smelting the high-phosphorus 
irons, over 200 Ib. of burnt lime were 
required, and a slag weight of about 
320 lb. per ton of steel was gener- 
ated. On these high-phosphorus 
iron heats, it was therefore necessary 
to take a slag flush to eliminate most 
of the phosphorus from the charge. 
The authors show tables of charge 
data for all the various heats melted. 
They also show charts of carbon, 
phosphorus, manganese and sulphur 
elimination for both the high-phos- 
phorus iron and the low-phosphorus 
iron. About 200 lb. per ton of high- 
grade 65% iron ore were used on the 
high-phosphorus heats. 

The authors have demonstrated in 
this work that 50% or more of hot 
metal can be effectively refined in 
electric arc furnaces by the practices 
described. Also, the melting rate in 
tons per hour may be increased from 
25.2 (on an all-cold charge) to 33 


(on a 50% hot metal, 50% scrap 
heat). In addition, a saving of 
about 23% in power consumption is 
also achieved with the high-phos- 
phorus hot metal. 

E. C. Wricut 


The Metal Rhenium 


Digest of “The Availability 
and Properties of Rhenium”, by 
D. J. Maykuth, DMIC Memo- 
randum 19, Battelle Memorial 
Institute, May 22, 1959. 


HENIUM, A RELATIVELY scarce 

material, is found principally in 
molybdenite ores, and the Free 
World reserves are estimated to be 
about 2,300,000 Ib. Rhenium oxide 
obtained from the molybdenite roast- 
ing process is converted to ammo- 
nium perrhenate and reduced to 
metal powder at two places in the 
United States, the University of Ten- 
nessee and the Kennecott Copper 
Corp. Approximately 100 Ib. of metal 
are produced per year, and current 
prices for the formed metal range 


IN THE VACUUM MELTING FIELD 
LET’S MAKE 


NO MISTAKE 
ABOUT IT... 


QUALITY — the manufacturing or fabrica- 


tion of vacuum furnaces, vacuum crucibles 


and ingot molds are not ordinary metal 
working jobs. Quality depends on... . 
EXPERIENCE — a good product in the 
vacuum melting field depends on ‘know-how’ 
gained through years of experience. Our qual- 
ity gained by experience gives us... . 


VERSATILITY — to quote on furnaces, 
crucibles and ingot molds of any design, 
plus an engineering department able to help 


in planning. 


If you want — 
Quality —- Experience — Versatility 
Call, Troy — ARsenal 3-3912 


LAK MACHINE WORKS INC. 


TROY (GREEN ISLAND) N. Y. 
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from $900 to $2000 per pound. 

Pure rhenium compares favorably 
with tungsten and molybdenum as a 
high-temperature construction mate- 
rial, although it must be protected 
against oxidation. Rhenium is not 
brittle at room temperature in the 
recrystallized condition. Rhenium 
generates a large thermal emf. rela- 
tive to tungsten or molybdenum, is 
resistant to HCl and H,SO, (even 
at elevated temperatures), and is 
attacked by HNOg. 

Rhenium alloys with tungsten and 
molybdenum (30 to 35 at.% rhe- 
nium) are more ductile and have 
greater hot strentgh at 1200° C. 
(2200° F.) than tungsten or molyb- 
denum unalloyed. These alloys sig- 
nificantly lower the transition tem- 
perature, have higher recrystalliza- 
tion temperatures, and generate very 
high thermal emf. 

Powder metallurgical techniques 
offer the best production capabilities 
to prepare wrought forms. Com- 
pacts of 90% theoretical density are 
obtained by pressing at 50,000 to 
60,000 psi., vacuum sintering 2 hr. 
at 1200° C. (2200° F.), followed by 
self-resistance sintering in hydrogen 
at 2700 to 2800° C. (4900 to 5100° 
F.). Desired shapes are produced 
by step-wise cold working and an- 
nealing. The metal can be punched, 
soldered, and brazed by convention- 
al methods, but machining is very 
difficult. As a result, coatings have 
received great attention. The larg- 
est single use of rhenium is as un- 
alloyed metal in the tungsten- 
rhenium thermocouple for tempera- 
tures up to 2500°C. (4550°F.). 
Future uses include improved ther- 
mocouple elements, filler metal for 
welding molybdenum and _ possibly 
tungsten, and improved electron 
tube structural components. 

D. L. McELroy 


PRINCIPLES OF 
Heat TREATMENT 


Probably the most widely used 
discussion of activity in the steel 
processing and fabricating field 
Each chapter is mental by a 
summary of its contents for easier 
reading and understanding. M. A. 
Grossmann—303 pages—6x9—illus- 
trated — cloth — $6.00. Cip and 
send to Technical and Engineer- 
ing Book Information Service, 
Metals Park, Novelty, Ohio. 
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SLTALGRAMS 


* « » news about "Electromet" ferroalloys and metals 


MAY, 1960 


NEW EXOTHERMIC CHROMIUM SAVINGS -- Open-hearth melters using an exothermic 
ferrochrome ladle practice can save from 50 to 60 cents per ton by using new 
*Chromtemp" ferrochrome 25-6. The silicon content of the alloy (6.25 lbs. per can) 
saves the steelmaker money by replacing separate ferrosilicon additions required 
with straight chromium exothermic alloys. Your Union Carbide Metals representative 
will be glad to give you further information. 


EXOTHERMIC WITH MORE HEAT =~ Closer control of large open-hearth ladle 
additions can now be obtained with the greater exothermicity of “Chromtemp” 
exothermic ferrochrome and "Mantemp" exothermic ferromanganese. The improved 
reaction promotes greater stirring, minimizes segregation, and dissolves the alloy 
faster. The result is better control of alloy analyses, resulting in fewer 
off-grade heats. Specification sheets for these alloys may be obtained by 
requesting F-20,124 and F-20,125. 


LESS GAS THAN EVER -- Producers of vacuum-melted steels and high- 
temperature alloys have improved their melting operations with new "Elchrome" VG 
electrolytic chromium. Having less than 0.06 per cent oxygen and extremely low 
hydrogen and nitrogen contents, this high-purity vacuum-grade chromium has the 
lowest gas content commercially available. As a result, it’s easier to maintain a 
vacuum and there's less spattering and boiling in the bath. Ask your Union Carbide 
Metals representative for the analysis of this improved chromium metal. 


* 


EYES ON PHILADELPHIA -- Foundrymen interested in the latest uses of 
ferroalloys to produce better castings will want to visit Union Carbide Metals’ 
extensive exhibit at the 64th AFS Castings Congress and Exposition, May 9-13, in 
Philadelphia. The Union Carbide Metals’ exhibit covers 41 foundry alloys. 

Featured are alloys that give better properties to cast iron, allow more efficient 
production of ductile iron, cut costs of steel, and give greater purity to aluminum. 
Experienced UCM metallurgists and engineers will be on hand to provide on-the-spot 
assistance. You are cordially invited to visit the exhibit and talk to 

UCM personnel. See us at booth No. 1214. 


* 


* 


GASES ARE FLUSHED OUT -= A new alloy -- magnesium-calcium-silicon -- has 

: been used successfully to flush out gases in high-alloy heats melted in the 
induction furnace. The alloy is added to the ladle and produces a vigorous flushing 
action. One producer reduced his rejection rate caused by gas imperfections from 

. a 30 to 5 per cent on a 35 per cent nickel, 15 per cent chromium casting. For the 

case history, write for the article, "Rejections Cut With New Alloy," in the Winter 

1960 issue of UNION CARBIDE METALS REVIEW or contact your UCM representative 

for further details. ‘ 


* 


UNION CARBIDE METALS COMPANY, Division of Union Carbide Corporation, 
30 East 42nd Street, New York 17, N. Y. In Canada: Union Carbide 
Canada Limited, Toronto. 


"Chromtemp," "Elchrome," "Electromet," "Mantemp," and "Union Carbide" 
are trade marks of Union Carbide Corporation. 
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Impressor 
PORTABLE HARDNESS TESTER 


@ Rapid testing—no setup 
@ Easy to carry and use 
@ Needs only space for hand 


A portable hardness tester for brass, copper, aluminum, 
other soft metals, and plastics, the Barber-Colman Impressor 
is designed for fabricated parts and raw stock testing. Opera- 
ting experience is not essential. The reading is instantly 
indicated on the convenient dial. No waiting, preloading, 
or separate measurements. Barber-Colman engineers will 
gladly recommend the most suitable model for your appli- 
cation. Write today for complete details. 


BARBER-COLMAN COMPANY 


Dept. E, 1218 Rock Street, Rockford, Illinois 
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OTHER PRODUCTS: Core & Mold Ovens 


Continuous Conveyor Type 
ALUMINUM BILLET HEATING FURNACES 


One of two furnaces installed at Harvey Aluminum, Torrance, 
California, heats 2500 pounds of al billets per hour 
to 1000° F. Furnace is six feet wide and incorporates an auto- 
matically operated, direct gas fired recirculating heating system. 
Temperature uniformity guaranteed. 


Ask for Bulletin HT-53. 


CLEVELAND 16, 


* Rod Bakers + Paint and Ceramic 
ing Equi t & Accessories 


20800 CENTER RIDGE RD. 


Orying Ovens + Sp g Equip 
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rom General Electric 


for stress relieving 


and annealing 


Electric Elevator Furnaces from General Electric give 
you higher quality, increased production, and greater econ- 
omy in stress relieving and annealing of heavy batch loads. 
Particularly well-suited for loads which require fairly long 
heat treating cycles, these furnaces provide minimum cycle 
length and accurate, reproducible heat treating cycles. Uni- 
form heat distribution and accurate temperature control 
are assured by proper insulation, correct distribution of 
heating units, and gas-tight heat seal. Elevated design gives 
extra floor space and flexibility of operation; eliminates 
operator heat discomfort. Longer life results because fur- 
nace components are stationary and load is eased into place. 
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Ask your General Electric Sales Engineer 
for complete data on G-E Electric Elevator 
Furnaces. Write today for bulletin GED-4092. 
General Electric Company, Schenectady 5, 
New York. 736-02 


Progress ls Our Most Important Product 
GENERAL ELECTRIC 
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(3) American 


Manufacturers Products 


American Cold Rolled Strip 
Carbon and Stainless 


American Manufacturers Wire 
Carbon and Stainless 


American Quality Springs 
Premier Spring Wire 
Amercut Cold Finished Bars 


Better Steel Products 
to make your products better 


Who would rock a chair 
750,000 times? 


The Homecrest Company of Wadena, 
Minnesota, did! This furniture company 
wanted to add a modern rocking chair to 
its line of functional home furniture—but 
only if the chair could be a quality item 
that would give good, dependable service. 
The AS&W Spring Engineering Research 
Service studied the problem and recom- 
mended a pair of round wire helical single 
coil torsion springs. Using these springs 
Homecrest designed the chair. The chair 
was then put through a test that far ex- 
ceeded any amount of service it would 
get in normal home use. Under a 250- 
pound weight, the chair was mechani- 
cally rocked 750,000 times without show- 
ing any sign of failure. The Homecrest 
Company has now manufactured 20,000 
of these chairs—and not one has failed. 


USS, American and Amerstrip are registered trademarks 


American Steel & Wire 
Division of 


Why was this sash lift 
so difficult to make? 


This sash lift locks simple enough, but it 
caused the manufacturer, Amerock Cor- 
poration of Rockford, Illinois, plenty of 
trouble. The strip steel originally used 
failed under the severe double drawing 
operation. But then Amerock brought the 
problem to American Steel & Wire. The 
AS&W metallurgists recommended a #2 
Finish USS Amerstrip which fulfilled 
the deep drawing requirements, and held 
a finish suitable for plating. Joe Ellis of 
Amerock said, “AS&W did an excellent 
job in developing a strip steel which 
would do this difficult double draw, yet 
maintain its finish for plating. We have 
had more trouble from other steels doing 
simpler jobs.” Another example of the 
ways AS&W tailors the products of its 
Manufacturers Division to meet the cus- 
tomers’ requirements. 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & Iron Division, 
Fairfield, Ala., Southern Distributors « United States Steel Export Company, Distributors Abroad 
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(Course No. 8) 


a new home study course from 


PRINCIPLES OF MACHINING 


Metals Engineering Institute 


15 Informative, Important Lessons 


1 The Machine Tool—basic machining processes— machine tool structure, 
motions, and drives—cutting tools—jigs and fixtures— machine tool selection. 


2 What Happens When Metal is Cut—how chips are formed—chip types— 
chip formation processes—shear and rake angles—cutting ratio—forces 
acting on a cutting tool—shearing and friction processes—force measurements. 


3 Effects of the Cutting Process — causes of good and poor surface finish — 
control of surface finish—nature, extent, effects, and control of hardening 
produced by cutting—sources, measurement, and control of heat in the cutting 


process ism, nature, and control of tool wear—vibrations and chatter. 


4 Cutting Tools—rake angles and inclination—relief and clearance—in- 
terrupted cuts—chip breaking—cutting tool materials—high speed steel—cast 
olloys—sintered carbides—oxides. 


5 Force, Work and Power in Machining — gross and net power— power 

ts—specific power metal removal factor— effects 
of cutting speed, cut dimensions, rake angle, tool material, cutting fluid, and 
workpiece material—power nomographs and calculators—metal removal 
rate—power and forces in grinding. 


6 Tool Life—Measurement and Control — definitions, mechanisms, and cri- 
teria of tool failure—tool life testing—effects of cutting speed and cut 
dimensions—tool life in grinding. 


7 Machinability of Metals —specification of machinability—simple tests — 
cutting ratio—ratings—relation to hardness, tensile properties, composition, 
microstructure, and work hardening ability—grindability. 


8 Machinability Versus Microstructure — structure of metals — phase diagrams 
—microstructure of iron and steel — hardness of microconstituents—machinability 
versus microstructure in plain carbon steel, alloy steels, stainless steels, high 
temperature alloys, cast iron, and nonferrous alloys. 


9 The Economics of Machining— idle, metal cutting, tool changing, and tool 
reconditioning costs—optimum machining conditions—cutting speed for mini- 
mum cost—economic versus productive cutting speed—reducing machining 
costs—computing aids. 


10 Cutting Fluids—gases, oils, and water-base flvids—cooling and friction 
reducing action—cutting fluid application, selection and economics. 


11 Surface Quality—specification, measurement and control of surface finish 
causes of poor finish—effects of machining process, machine settings, feed, 
workpiece and cutting fluid—grinding burn—residual stresses in grinding. 


12 Turning—characteristics of turning—engine, turret and automatic lathes— 
boring machines—single point tools—machine and tool design—cutting forces, 
power consumption, and tool life—turning economics—current trends. 

13 Milling—milling characteristics—knee and column, bed type, and special 
milling machines—attachments—milling cutter nomenclature—cutter angles, 
classes and materials—number of teeth—up and down milling—power, forces, 
tool life and surface finish—current milling trends. 


14 Drilling—characteristics and relation to other processes—vertical, radial, 
horizontal, production, and special drilling machine—drill nomenclature and 
classification—drill materials—point angles—machine and fixture design— 
torque and power—thrust—tool life—current trends. 


15 Grinding—the grinding process—surface, cylindrical, internal, tool and 
cutter, and special grinding machines—grinding wheel lature—abras- 
ives—bonds—wheel selection—balancing, truing, and dressing—wheel wear- 
grinding fluids—economics—current grinding trends. 


Write for information on PRINCIPLES OF MACHINING or any of these 21 other 
popular courses: 


1, Elements of Metaliur, 24. Magnesium 
2. Survey of Stee! Plant 25. Copper, Brass and Bronze 
. Metals for ear Power . Primary and Secon Recovery 
10. Heat Treatment of Steel Lead and Zinc 
‘11. Fundamentals of Ferrous Metallurgy 31. Steel Foundry Practice 
14. Corrosion 33. Gray Iron Foundry Practice 
3 High Temperature Metals 37. Fundamentals of Welding and Joining 
Tool 39. Arc ~~ 
22: and Metal Finishing 41. Principles Heat Treating 


| 


What is Metals Engineering Institute? 


MEI was set up by the American Society for 
Metals at the insistence of its membership 
and industry to provide much-needed train- 
ing in metal theory, heat treatment, metal 
fabrication, etc. MEI is a non-profit organ- 
ization and an accredited member of the 
National Home Study Council. MEI is under the direction of 
Dr. Anton deS Brasunas. Courses are written by informed 
men, carefully chosen from industry and the teaching 
profession. 


Who “‘goes’”’ to MEI? 


Technicians, salesmen, educators, plant owners, superin- 
tendents, foremen and production workers all take the same 
courses at home or sit in the same classes 
through MEl's highly successful in-plant 
training programs or classes organized by 
local ASM chapters throughout the United 
States and Canada. 


What students say about MEI 


“Thanks to your fine course | have taken over the job of my 
past supervisor.” » 


“Lam not an authority on education but | consider the MEI 
material that | have studied to be the equivalent to the same 
subjects given by an engineering college in its evening 
courses.” 


“,.. it was in a large part due to my enrollment in two MEI 
courses that | was able to advance myself from a metal- 
lurgical technician to an engineer and find a new job ata 
greater rate of pay.” 


Write for information today! 
METALS ENGINEERING INSTITUTE 
METALS PARK, NOVELTY, OHIO 


METALS ENGINEERING INSTITUTE 
Metals Park, Novelty, Ohio 
Gentlemen: Please send me full information on the following 
courses: 


Comp Job or Title 
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30-KW Drever 12 tube furnace with 
9 foot heating chamber. Capacity 85 
Ibs./hour {.020” wire); speed 50 to 
200 feet per minute. 


Clean Bright high quality stainless or 
alloy wire is heat treated economically in 
Drever Continuous Bright Annealing 
Furnaces. 


Versatility of production is possible by 
design of pay-off and recoiling mechanisms. 
Each block is driven individually, thus wire 
of different diameters may be annealed at 
varying speeds at the same time. 

Proper atmosphere equipment is 
supplied depending on type of wire to be 
bright annealed. 


Write for further details on this or 
other type of Drever Furnaces. 


ENGINEERING AND MANUFACTURING FACILITIES 
AROUND THE WORLD THROUGH ASSOCIATES 
IN FRANCE, GREAT BRITAIN, GERMANY, 
ITALY, AND JAPAN 


BETHAYRES, PA. 


| | | | 
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FASTER WITH NICKELOID 


Finished Raw Material Fabricated with 
Standard Production Methods 


In tune with the times, are Nickeloid Metals. They pro- 
vide design freedom and manufacturing simplicity 
with three of five production steps pm Mas 4 The 
Nickeloid Method gets a new model or product rolling 
in production, fast! Quicker to shipping dock . . . saves 
on tooling and equipment outlay . . . lower inventory 
of parts in process. They simplify, simplify, simplify: 
in design, in purchasing, in production. Made as on 

61 years of special know-how can refine'a product wit 

deep-down durability and quality. Practical: can be 
formed, stamped, bent, crimped, seamed, blanked, 
soldered, etched, spot-welded. Gleaming finishes of 
chromium, nickel, copper, or brass electroplated steel 
and other base metals. Sheets, strips, coils — polished 
or satin. A galaxy of breath-taking stripes, patterns, 
crimps and textures. Protective Mar-Not coatings. See 
Sweet’s Catalog for additional information, or write us 
for Introductory Kit, which includes metal samples. 


NICKELOID METALS 
SINCE 1898 


American Nickeloid Company 
Peru 2, Illinois 
Plants: Peru, and Walnutport, Pa. 


Visit the Nickeloid Booth No. 2418 
1960 Design Show. N. Y. Coliseum May 23-26 
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FOR INTERNAL INSPECTION 


@ 0.10“ AND UP. That's the point 
\__ of entry requirement .). . to pravide your 
“inspéctors the change to us¢ the out: 
standing National Fontar Borescope and 
thus give’them the/brightest/ distortion- 
free; close-up view of the défect in 
accessible” interior surfacés of the cast, 
drawn, welded or molded product/. . . 
~frominches deep to many feet. / 
Find out how itsise can be atime and / 
cost saver while it up-grades’your Qual- / 
“ity Control. Just send fof our “Bore” 
scope Catalog.” 
ENGELHARD HANOVIA, INCORPORATED 
NATIONAL ELECTRIC INSTRUMENT DIVISION 
92-21 CORONA AVENUE «© ELMHURST 73, NEW YORK 
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ULTRA-LOW TEMPERATURE CABINETS. 


TEMPERATURES 


~140°F._ 


for 

© Research 
© Storage 
© Seasoning 
© Testing 


Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within + 1°. Optional accessories 
are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, “Selecting a low temperature 
cabinet,”’ write Revco, Dept. MP-50. 


Industrial Products Div., 
| 
af Deerfield, Michigan 
| Setting Trends in Refrigeration Since 193% 
Circle 1812 on Page 48-A 
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COLU 
TOOL 
STEELS 


ATMODIE SMOOTHCUT (D2S) free machining 
high chrome air hardening die steel 
gives a real "run for the money.” 


Product of Skilled 


American Workmen 


You get more 
satisfactory performance 
and greater economy with... 


PITTSBURGH 
BRUSHING TOOLS 


@ Pittsburgh has been supplying industry for many years 
with quality brushes designed to meet specific finishing 
requirements. 
@ They're tough enough to resist abrasion. Carefully con- 
trolled distribution of the brushing stock provides 
perfect balance and gives top efficiency with enduring 
economy. 
@ In the complete Pittsburgh line are brushes of all types 
and sizes. Our long experience in designing and making 
high-quality brushes for every need can save you time 
and money. Write or call Pittsburgh 
Plate Glass Company, Brush Divi- 
sion, Dept. MP-50, 3221 Frederick 
Avenue, Baltimore 29, Maryland. 


METALLURGIST 


ADVANCE DEVELOPMENT 
OF SEMICONDUCTOR DEVICES 


PhD or MS or equivalent with background in 
Physical Metallurgy or solid state to assist in 
development of micro metallurgical techniques 


under protective atmospheres, vacuum deposition 
of high purity metals, and the study of re- 


crystallization of rare metals during alloying and 
welding operations on subminiature scale. 


WRITE: M. D. Chilcote, Div. MP-5 
Semiconductor Products Dept. 
Electronics Park, Syracuse, New York 


GENERAL @® ELECTRIC 


PITTSBURGH 
BRUSHES 


BRUSHES PAINTS © GLASS + CHEMICALS » PLASTICS + FIBER GLASS 
PITTSBURGH PLATE GLASS COMPANY 


IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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for the 
CONTROLLED 


application of heat! 


HARROP 
serves research 
and manu- 
facturing 

with standard 
and special 
furnaces 


'Electric — 
MR Series, 
Metallic 

Resistors; 
radiation or 

convection 

heating 


Electric —NMR Series, Non-Metallic 
Resistors: cabinet, box, tube, eleva- 
tor types 

—— Gas-Fired — floor or elevator types 
When you require controlled ap- 
plication of heat . . . in research, 
testing or small-parts manufactur- 
ing . . . Harrop experience can 
guide you to the selection of the 
most serviceable furnace. Chances 
are there’s a standard Harrop 
model that will meet your needs. 
But it’s routine for Harrop to equip 
a standard furnace with almost 
any combination of special instru- 
mentation for exacting specific pro- 
cedures. And the first-time-ever 
assignment is readily undertaken 
by its design engineers and pro- 
duction experts. 

To suggest the scope of Harrop’s 
experience and ability to serve 
your requirements for the preci- 
sion controlled application of heat: 

Firing — electric or gas 

Temperatures —up to 4,200° F. 

(and higher if required), in 
controlled atmospheres 

Instrumentation — for any 

need, both in respect to 
control and to control forms 
affecting the time-tempera- 
ture-atmosphere relations 

Setting Space —in diverse 

form to meet specific need, 
in shape and size and in 
mechanical and electrical 
accessories 


Representative of 
Harrop ability to do the 
unusual is this interfer- 
ometer. 


For Non-Obligating Recommendations, send 
information on materials, temperature range, heat 
control and firing objectives to Dr. Robert A. 
Schoenlaub, Technical Director. 


HARROP ELECTRIC FURNACE DIVISION 


of Harrop Ceramic Service Co. 
3470 E. Fifth Ave. Columbus 19, Ohio 
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Dept. M 


PUT ON YOUR 
TEN DOLLAR HAT— 


Meet Us at the 
Dallas Exposition 


MAY 9th to 13th 
BOOTH No. 226 


ZIV STEEL & WIRE COMPANY 
HIGH GRADE TOOL STEEL 
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High Temperature 
Ceramics 


Use up to 2700°C 


Melting Crucibles e Tubing 
e Boats e Custom Shapes 


e Flame Spray Rod & Tubing 


Consider this list of LECO pure 
oxide ceramic materials (no binder 
to lower melting point), their chemi- 
cal composition and top usable tem- 
perature in an oxidizing atmosphere. 


Alumina Al2O3 1950°C 
Calcium 

Zirconate CaO.ZrO2 2100°C 
Magnesia MgO 2400°C 
Mullite 3Ale03.2SiO2 1800°C 
Spinel MgO. Al203 1900°C 
Thoria ThOe 2700°C 
Zircon ZrO2.SiO2 1870°C 
Zirconia 2500°C 


For further information write: 
LABORATORY EQUIPMENT CORP. 
5065 Hilltop Road, St. Joseph, Michigan 
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Maeneric Properties 


O; Merats & Atoys 


PUBLISHED BY AMERICAN SOCIETY FOR 
METALS — THE FIRST BOOK ON MAGNETISM 


Here, for the first time, is a comprehensive, up-to-date compilation 
of current knowledge in magnetism. Here is a book for those who 
work with magnetic materials for use in electronic components, 
digital computers, ing devices, and other advanced electronic 
instruments and products. It brings a fuller understanding of 
magnetic phenomena, nuclear forces, atomic structure, and atomic 
interaction between atoms which characterize magnetic materials. 


Magnetic Properties of Metals and Alloys is the first book to be 
published on this field of increasing practical application. It tells 
how magnetic annealing can be used to obtain desirable properties 
which are unobtainable any other way ... how magnetomechanical 
damping has become a desirable property in engineering design 
(since it permits the use of certain structural materials at elevated 
temperatures and under high sustained stresses without premature 
failure)... how new developments from the study of magnetic 
properties of thin films can implement the manufacture of computer 
components. 


Magnetic Properties of Metals and Alloys is an ASM Seminar 
book, presenting thirteen papers delivered on this timely subject. 
It signifies the increased application of magnetic theories to practical 
metals problems. 


347 pages. 6” x 9”. Red cloth cover. Illustrated. 13 chapters 
(titles below). 8 appendices. 17 authors. Order your copy today on 
a 10-day approval basis! $11.00 post paid. 


in Magneti — Experimental Measurement of Fundamental Magnetic Properties — Magnetic Domain Structures — Nuclear 
e in Magnetic Crystals — Metallurgical Structure and Magnetic Properties — Magnetic M ts in Metallurgy — Magnetic 
Sreguilien of Thin Films — Magnetic Properties of Fine Particles — Time Effects in Magnetization — Magnetostriction — Magnetomechanical Damping — 
Spin Clusters in Iron Near Curie Temperature — Magnetic A : Titles of the Thirteen Chapters in Magnetic Properties of Metals and Alloys. 


ORDER WITH THIS COUPON TODAY 


Please send_______copies of Magnetic Properties of Metals wid 
Alloys @ $11.00 ea. 


NAME: 
TITLE: 

COMPANY: 
STREET: 
CITY: ZONE: ______ STATE: 


Enclosed is $____or Bill Me: ( ) Bill Company: ( 
Check here for free ASM Book Catalog: ( ) 


Mail To: 
AMERICAN SOCIETY FOR METALS — METALS PARK — NOVELTY, OHIO 
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ox to ely Saves up to 
50° of your valuable floor 
‘space. But these are just a 
few of the revolutionary fea- 


Vv Vacuum Equipment Division, 
.F. J. STOKES CORPORATION, 
5500 TABOR RD., PHILA. 20, PA. 


STOKES 
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This month’s issue of Metal Progress leads off with two articles 
on the use of clad steels in petroleum equipment — the first, on 
stresses in high-temperature corrosive environments (p. 71), written 
by William H. Funk (right) 
of Lukens Steel Co., author 
of more than 25 papers on 
fabrication, special welding 
techniques and characteristics 
of carbon, alloy and clad 
steels. A graduate of Drexel 
Institute of Technology with 
a B.S. in civil engineering, he 
has been with Lukens for 20 
years, starting as an engi- 
neering draftsman, moving 
through positions in develop- 
ment engineering, sales devel- 
opment and technical service 
to his present post of research 
administrator in charge of all 
research work for Lukens Steel. 

Aside from his daily work activities, philately, Boy Scouts and 
his community are his primary concern—he is chairman of the 
Board of Supervisors in the township where he lives and advisor 
to the newly formed Township Planning Commission. 

The authors of “Cladding Steel With Titanium — A Progress Re- 
port” — the second article on clad steels — are J. L. Ma and Charles 
Wright, Jr., shown (in that order) in the photo at left studying 

an experimental clad steel as- 
sembly. Mr. Ma joined Luk- 
ens’ research division three 
years ago, following seven 
years as a development engi- 
neer and group leader with 
Allied Chemical Corp. Now, 
as supervisor of the clad and 
process research department, 
he is responsible for the de- 
velopment of new types of 
clad steels and new processes 
for manufacturing and finish- 
ing steel products. 
Charles Wright has been 
with Lukens’ research divi- 
sion for 11 years, primarily 
working on the development 
of clad products using stain- 
less stee!s, Hasteloy F, alumi- 
num, zirconium and titanium with such methods as roll-bonding, 
brazing and weld overlay. He has also been responsible for the 
evaluation of the corrosion resistant materials in laboratory and field 
corrosion tests. 
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Mr. Ma is busy in local chapters of A.S.M. and A.C.S. and in YMCA 
activities, and he also likes to hike, swim and do woodworking. Al- 
though studying for a bachelor’s degree uses up a good deal of 
Mr. Wright's spare time, he still manages to serve his community 
as a volunteer fireman, Sunday School department superintendent 
and Boy Scout Committeeman. And if he still has any time left, 
tends his tropical fish, indulges in philately, and fishes (for the 


fresh-water kind). 


Eighteen years with Shell 
Development Co. in Emery- 
ville, Calif., as staff metallur- 
gist gives George A. Nelson 
(pictured at right) a firm 
footing for his article dealing 
with metals used in chemical 
plants and oil refineries. As 
staff metallurgist, his work 
involves assembling of metal- 
lurgical information into a 
form useful to the design, 
maintenance and inspection 
engineers in the various chem- 
ical and oil plants. 
A past chairman of the 
Golden Gate Chapter @, he 
is a member of A.S.T.M. Com- 
mittee A-1 and secretary of the Chemical and Petroleum Panel of 
the joint A.S.T.M.-A.S.M.E. committee on the effect of temper- 
ature on properties. 
Hobbies include golf, gardening and swimming. He is especially 
proud of one accomplishment — swimming across Fallen Leaf Lake 
in the High Sierras (1.1 miles) in 48 min., 52 sec. 


The major part of W. L. 

Steinbrenner’s work with 

Jones & Laughlin Steel Corp. 

has been in hot extrusion oper- 

ations (see his article on p. 

116). Coming to J&L in 1955 

after graduating from Car- 

negie Tech with a B.S. degree 

in metallurgy, he worked as a 

metallurgical investigator as- 

signed to the hot extrusion 

operation for two years, then 

joined the process develop- 

ment section of the research 

and development department 

as research engineer. He con- 

tinued his work on hot extrusion until late 1958 when he joined the 

stainless steel section to work on process problems in the stainless 

strip area; on February 1 of this year he became development engi- 

neer in the stainless and strip division where he will work more 

closely with mill personnel on process development problems. Mr. 

Steinbrenner will relocate at the Youngstown, Ohio, plant of the 
division some time during this coming summer. 
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Yoder Rotary Slitters 
reduce inventory... 
speed production 


To help meet the demands of tight 
production schedules, YODER 
Slitters reduce mill-width stock 
quickly and economically to desired 
widths. If your needs are as low as 
100 tons per month, time and man- 
power savings alone will offset the 
cost of your YODER Slitter in a 
matter of months, while reducing 
basic inventories. Compactly 
designed, standard YODER Slitters 
are built to handle standard coil 
widths...completely engineered 
lines for special requirements. 


YODER accessories, such as coil 
cars, swivel unloaders, scrap chop- 
pers, scrap disposers, plate levelers 
and coil boxes, make stock handling 
fast and easy. 


YODER also makes a complete line 
of Cold Roll-Forming equipment 
and Pipe and Tube Mills. To profit 
from YODER'’S years of engineer- 
ing and service experience, contact 
your local YODER representative or 
send for the YODER Slitter Manual. 


Investigate the many advantages of YODER- 
engineered Slitter Installations. Write today for 
this comprehensive, 80 page YODER Slitter 
Manual... it’s yours for the asking! 


THE YODER COMPANY 
5595 Walworth Avenue « Cleveland 1, Ohio 


ROTARY 
) SLITTING 
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BOSCH ARMA 
RELIES ON HARRIS 
REFRIGERATION 
TO TRANSFORM 
AUSTENITE 100% 


Fred J. Pasko of Bosch 
Arma lowers basket of 
parts to be chill-treated 
for transformation of 
retai a in- 
to HARRIS Model 10L- 
A2 production chilling 
machine. 


For 2% years a HARRIS Model 
10L-A2 (10 cu. ft.) Low-Tempera- 
ture Production Chilling Machine 
has effectively eliminated retained 
austenite from critical parts for 
the American Bosch Division, 
American Bosch Arma Corpora- 
tion, Springfield, Mass. The parts 
treated are fabricated of high nic- 
kel carburizing steel and high speed 
tool steels. All parts have lapped 
surfaces. “Uniform results” achiev- 
ed through HARRIS chilling are 
praised by company officials as the 
solution to serious problems in di- 
mensional stability formerly result- 
ing from the presence of retained 
austenite. 


ASK HOW LOW-TEMPERATURE CHILLING 
CAN IMPROVE YOUR PRODUCTS. THERE’S 
NO OBLIGATION FOR OUR SERVICE. 


REFRIGERATION CO. 


306 RIVER STREET 
CAMBRIDGE 39, MASSACHUSETTS 
Specialists in refrigeration service, engi- 
neering, and manufacturing since 1934. 
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Since receiving his degree, he has continued to take graduate 
work at Carnegie Tech and plans to complete his studies this spring. 

A member of A.S.M. and A.I.M.E., he is on the @ Handbook 
committee on hot extrusion. 


“Simultaneous Hot Forming and Age Hardening of Titanium 
Parts” is based on work carried out at Convair’s Fort Worth Div. 
by R. E. Johnson and R. J. McClintick (shown in the photo below 
examining one of the dies mentioned in their article on p. 130). Bob 
Johnson joined Convair in 1950 after receiving his B.S. degree in 
mechanical engineering from the Rice Institute in Houston. His 


interest in metal fabrication dates back to his two years work in 
a metallurgical laboratory in Houston, before starting his college 
work at Rice. Assigned to the materials and processes group at 
Convair, he has more or less specialized in the problems involved 
in choosing and forming the light metals, including titanium, for 
use on the B-58 Hustler. Dick McClintick was senior metallurgist 
in the process control department at the time this article was written, 
but has now left Convair to work on ferrous metallurgy research at 
Institute Battelle Memorial. Coming to Convair in 1957, his expe- 
rience included work for Mallory-Sharon Metals and Westinghouse 
Atomic Power Division. 

Bob Johnson's interest centers on sports (basketball, handball 
and softball) and working in the yard of his new home, helped by 
his wife and one-year old daughter. Also a family man, Dick 
McClintick enjoys family group doings with his wife, two daughters 
and baby son, and plays golf and tennis on weekends. 


Raymond A. Quadt, author of “Precision Cold Extrusion of 
Metals”, on p. 121, has just completed his tenth year with Bridge- 
port Brass Co., including tenure with its recently absorbed sub- 
sidiary, Hunter Douglas Aluminum Corp. His metallurgical career 
began with the research department of American Smelting & Re- 
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fining Co. in 1942; when he 
left in 1948 he was manager 
of the general aluminum de- 
partment. Heading for the 
West Coast, he joined Hunter 
Douglas at Riverside, Calif., 
in 1950 and became vice- 
president, research and de- 
velopment; in 1958 he moved 
to New England as vice presi- 
dent, research and develop- 
ment, of the parent company. 

For relaxation, he enjoys 
flying his own plane cross- 
country on pleasure and busi- 
ness trips, golf and fishing 


—in that order. 


R. F. Harvey is one of the contributors to our 18-page technical 
forum on modern tool materials (see his article on p. 113, “Work- 
ing of Metastable Austenite Promises to Improve Toolsteels”). 
Research metallurgist for Braeburn Alloy Steel Corp., he has devel- 
oped and holds patents on hot-cold working metastable austenitic 
steels for improved physical properties and on ultrasonic quenching. 
A graduate of Worcester Tech, he will be awarded an M.S. degree 
from the University of Pittsburgh in June. 


6 

Another technical 
forum writer (p. 
105), Charles T. 
Evans is vice-presi- 
dent technology and 
development for Uni- 
versal-Cyclops Steel 
Corp., a company 
with which he has 
been connected off 
and on since gradu- 
ating from the Uni- 
versity of Michigan in 
1939 with a B.S. in 
metallurgical engi- 
neering. As shown in the photo, Mr. Evans is a fisherman (he’s 
tying trout and salmon flies in anticipation): the trout on the 
plaque in the upper righthand corner is a record Brook Trout 
caught in a river on the Gaspe Peninsula several years ago. His 
other hobby is golf but he maintains he never lets it interfere with 
his serious fishing. 


Thomas W. Gabriel is well qualified to discuss toolsteel develop- 
ment in our toolsteel forum (see p. 114) for as vice-president, 
commercial, of Jessop Steel Co., he is responsible for toolsteel sales, 
research and development and keeps a sharp eye on what his com- 
petitors are up to. 

He is on the advisory committee of the Zirconium Assoc. and a 
long-time member of A.I.S.I. and A.S.T.E. As for his hobby — it’s 
golf. Anytime, any place. 
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now more than ever 
radiation monitoring 
you can bank on 


new peace of mind comes to the 
wearer of this badge. Not only does 
he always know the full score on his 
personal exposure, but he can confi- 
dently rest on its accuracy, too. Con- 
tinuous technical improvement in 
Gardray film processing and densi- 
tometry (direct electronic IBM re- 
cording now eliminates all possibility 
of human error) gives him this pos- 
itive protection ... 


GARDRAY records exposures as low 
as 1 mr, as high as 300,000 mr. 

GARDRAY is sensitive to gamma and 
x-radiations and beta radiation: reports 
them separately. 

GARDRAY reports are cumulative 
tallies: (1) current week (2) 13-week 
total (3) year’s total to date. 

GARDRAY reports are prompt (two 
days in and out, average). 

GARDRAY identification is doubly- 
sure: (1) printed on wrapper (2) x-rayed 
on film. 


GARDRAY 
cumulative 
TALLY 


You can start enjoying this protection 
(and acquiring this peace of mind) any 
time. Right now, if you wish, by calling 
any Picker X-Ray local office. Or write to 


PICKER 


X-RAY CORPORATION 
25 So. Broadway, White Plains, N.Y. 
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THE ELECTRIC FURNACE CO. 


GAS OIL ELECTRIC 


Continuous 
Galvanizing 
Lines 


assure unvarying uniformity of anneal and coating; 
high daily outputs with no un-scheduled downtime. 


TOTAL DESIGN CAPACITY IN EXCESS OF 4,300,000 TONS PER YEAR* 


Tailored to meet your specific requirements and incorporating the most 
advanced techniques, EF continuous galvanizing lines assure users high 
heating efficiency — accurately controlled cycling — and month after month 
of continuous, trouble-free, 24 hours a day, 7 days a week operation. You 
get maximum production — and return — per dollar invested. 


The unvarying uniformity of product physicals —the bright even 
spangle — and the tight bond of the coating, preventing chipping or 
flaking — assure high market acceptance, and make subsequent forming 
and fabricating operations more efficient and less costly. 


For utmost efficiency and economy on galvanizing operations, and all 
other continuous, or batch, heat treating of ferrous, non-ferrous or alloy 
materials, you'll find it pays to consult The Electric Furnace Company 
heat processing engineers. 


* Tonnage output will vary depending upon width and gauge of strip being processed. 


THE ELECTRIC FURNACE co. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any — . Using any Process, any Hourly Output. 


alem, Ohio 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Toronto 13, Ontario 


200 West Wilson Street 
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Photo courtesy SKF Industries, Inc. 


SKF" ... another bearing manufacturer 
specifies Electric Furnace quality 


For critical applications such as anti-friction bearings, SKF requires steel of 
chemical and structural uniformity and unusual cleanliness. Minimum size 
and minimum frequency of non-metallic inclusions are also essential. . 
Aristoloy electric furnace bearing quality steels meet these requirements. Avail- —— 
able in types 52100, 4620, 4720, 8620 and 4320, they can be furnished as hot 

rolled; cold drawn; annealed (spheroidized where required); rough turned; and 

turned, ground and polished. 


For complete information call the Copperweld representative in your nearest 
large city . . . or write today for NEW PRODUCTS & FACILITIES CATALOG. 


COPPERWELD STEEL COMPANY 
ARISTOLOY STEEL DIVISION + 4013 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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